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SOJdMAKy 


This  report  describes  the  geotechnical  investigation,  design, 
and  construction  of  a  test  adit  which  was  built  to  support  the 
Defense  Nuclear  Agency's  Underground  Technology  Program  experiments 
for  predicting  the  effects  of  conventional  munitions  on  txinnels. 

The  geotechnical  investigation  includes  preconstruction 
geologic  exploration,  geologic  mapping,  gas  detection,  and  soil  and 
rock  hydrology.  The  information  provided  is  also  the  result  of  on¬ 
site  inspection,  quality  control  review,  and  instrumentation  of 
ground  support  areas,  all  performed  during  the  course  of 
construction - 

The  contractor's  methods  of  construction  are  also  examined,  as 
are  the  remedial  methods  taken  when  methane  gas  was  encountered 
during  the  course  of  construction. 
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PREFACE 


This  report  documents  work  performed  as  part  of  the  DNA 
Underground  Technology  Program,  and  was  funded  under  contract 
DNA001-92-C-0051.  The  DNA  Project  Managers  were  Major  Curt  Krieser 
and  Paul  Senseny.  The  Army  Corps  of  Engineers,  Louisville  District, 
inspectors  were  Mr.  Tony  Hamblin  and  Mr.  Steve  Duncan.  The 
Waterways  Experiment  Station  (WES)  Site  Manager  was  Mr.  David  Ward. 

For  Lachel  and  Associates:  Mr.  James  E.  Beck  was  in  charge  of 
overall  project  management;  Mr.  Lawrence  Eckert  and  Mr.  Ghailan 
Alsayab  provided  the  geologic  and  tunnel  engine-ring  field  work; 
Mr.  Dennis  Lachel  and. Mr.  Rich  Linamen  provided  the  off-site  tunnel 
engineering  support;  and  Mr.  Gunnar  J.  Radel  reviewed  and  edited 
the  final  report. 

Detailed  information  on  the  preconstruction  geologic 
explorations  and  investigations  can  be  found  in  Volumes  2  and  3  of 
the  "Solicitation  for  Underground  Technology  Program,  Test  Adit 
Construction,  1992"  which  contains  the  Geotechnical  Design  Summary 
Report  prepared  by  Lachel  and  Associates. 
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SECTION  1 


INTRODUCTION 


1.1  UNDERGROUND  TECHNOLOGY  PROGRAM, 

The  Underground  Technology  Program  (UTP)  is  a  part  of  the 
Government's  continuing  research  to  evaluate  the  lethality 
effects  of  dynamic  loads  on  underground  structures,  and  to 
develop  a  high-confidence  method  for  predicting  these  effects. 
This  method  is  being  developed  through  both  theoretical  and 
analytical  activities,  combined  with  field  tests  and  experimental 
activities.  This  research  is  sponsored  by  the  Defense  Nuclear 
Agency  (DNA) . 


1.2  TEST  ADIT  CONSTRUCTION. 

As  part  of  the  overall  Underground  Technology  Program,  DNA  is 
developing  an  underground  high  explosive  test  bed  at  the  Rodgers 
Hollow  Area,  Fort  Knox,  Kentucky,  to  support  field  tests  and 
experimental  activities .  The  test  adit  construction  contract  is 
the  first  phase  in  developing  the  test  bed.  Rodgers  Hollow  is 
located  on  the  Fort  Knox  Military  Reservation  approximately  7.4 
miles  west-southwest  of  Shepherdsville,  Kentucky,  in  Bullitt 
County.  The  Rodgers  Hollow  geographic  coordinates  are  37°  56' 
57.40308”  North  and  85°  50'  34.56814"  West  at  an  elevation 
approximately  490  feet  eibove  mean  sea  level  (MSL) .  The  site 
location  plan  is  shown  in  Figure  1-1  . 

The  test  adit  was  constructed  by  W.  L.  Hailey  and  Company,  Inc. 
of  Nashville,  Tennessee  under  U.S.  Army  Corps  of  Engineers 
contract  DACA27-92-R-0003  administered  by  the  U.S.  Army  Corps  of 
Engineers,  Louisville  District.  LACHEL  and  Associates,  Inc,  of 
Golden,  Colorado  performed  the  tunnel  design,  prepared  the 
contract  drawings  and  specifications,  and  provided  onsite 
geotechnical  assistance  during  the  construction  period.  The  U.S. 
Army  Corps  of  Engineers  Waterways  Experimental  Station  (WES) 
provided  overall  program  management  for  the  UTP  and  site 
management  of  the  Rodgers  Hollow  test  site. 


1.3  REPORT  ORGANIZATION. 

This  report  is  divided  into  six  sections  and  appendices.  This 
introduction  (Section  1)  is  followed  by  a  description  of  the  test 
adit  construction  project  (Section  2)  and  changes  to  the  original 
adit  design.  Section  3  describes  the  geology  and  hydrology  of  the 
Rodgers  Hollow  site.  Section  4  describes  construction  methods  and 
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production  rates.  Section  5  describes  the  tunnel  instrumentation, 
and  Section  6  is  a  list  of  references.  The  Appendices  A  through  D 
contain  the  geologic  core  logs,  rock  test  results,  geologic  maps, 
and  photographs,  respectively. 
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SECTION  2 


PROJECT  DESCRIPTION 


2 . 1  GENERAL  . 

The  UTP  Test  Adit  Construction  contract  was  desired  to  provide 
access  to  the  test  bed  located  in  the  Louisville  Fonnation, 
approximately  300  feet  below  the  floor  of  Rodgers  Hollow.  The 
major  items  of  work  required  by  the  contract  included  surface 
site  work,  one  flood  protection  structure,  36  feet  of  cut-ano- 
cover  portal  structure,  3,035  feet  of  12  foot  by  12  foot  adi  , 
100  feet  of  8  foot  by  8  foot  adit,  four  enlargements  in  tunnel 
cross  section,  and  electrical,  ventilation  and  dewatering 
systems . 

A  Request  for  Proposals  (RFP)  was  issued  in  May,  1992,  which 
required  the  submission  of  a  two-part  proposal.  Technical  and 
Cost,  in  separate  envelopes.  The  cost  proposal  was  a  fixed 

price  based  on  contractor  developed  unit  prices  for  a  schedule  or 
bid  items  included  in^the  RFP.  The  proposals  were  evaluated  first 
on  technical  merit,  and  then  on  cost.  A  total  of  ten  proposa  s 
were  received  in  June,  1992,  ranging  in  value  from  ^  low  of  $3. 
million  to  a  high  of  $8.0  million.  After  evaluating  the  Technical 
Proposals,  establishing  a  competitive  range,  and  determinii^  tne 
most  advantageous  proposal  to  the  Government,  a  contract  was 
awarded  to  W.  L.  .Hailey  &  Co.,  Inc.  in  July  1992,  for  an 
approximate  value  of  $4,665,000. 


2.2  AS-BID  PROJECT  CONFIGURATION. 

2.2.1  Site  Work . 

As  part  of  the  test  adit  construction,  the  contractor  was 
required  to  provide  and  upgrade  surface  site  facilities.  Included 
in  this  item  are  the  upgrading  of  the  gravel  road  in  Rodgers 
Hollow,  providing  office  trailers,  parking  areas,  contractor  s 
laydown  areas,  clearing  and  grubbing  for  the  portal,  muck 
disposal,  the  installation  of  sediment  control  tanks,  and  6,800 
feet  of  surface  discharge  water  line.  Figure  2-1  shows 
the  original  site  layout.  Also  included  in  this  item  of  work  was 
the  providing  of  normal  site  services  and  maintenance  such  as 
furnishing  potable  water,  sewage  disposal,  trash  removal,  guard 
service,  the  cleaning  of  offices  and  yard  areas,  and  the  supply 
and  distribution  of  electrical  power  on  surface. 
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Figure  2-2 .  Portal  Construction 


2.2.2  Portal  Structures  . 


The  portal  to  the  test  adit  is  comprised  of  two  sections,  a  flood 
protection  structure,  and  a  cut-and-cover  tunnel  section,  as  shown 
in  Figure  2-2  opposite.  The  flood  protection  structure,  from 
Station  0+31  to  Station  0+58,  is  a  U-shaped  reinforced  concrete 
structure  with  removable  timber  stop  logs  (shown  on  Figure  2-3  on 
the  next  page).  During  normal  operation  of  the  site,  the  stop 
are  removed  and  the  structure  provides  unimpeded  access  to  the 
portal.  During  flood  events  of  the  Salt  River  basin,  the  stop  logs 
are  installed  in  the  cast-in-place  guides,  and  an  temporary 
dike  is  constructed  in  front  of  the  stop  logs  to  provide  flood 
protection  for  the  tunnel  adit  for  a  50  year  flood.  When  the  stop 
logs  are  in  place,  access  to  the  tunnel  for  both  men  and  tunnel 
utilities  is  provided  via  the  open  area  between  the  stop  logs  and 
the  concrete  portal  at  Station  0+58. 

The  cut-and-cover  portal  structure,  from  Station  0+58  to  Station 
0+94,  consists  of  a  6  inch  thick  wire  reinforced  shotcrete  with 
horseshoe  shaped,  steel  arch  sections  (W6x25s)  4  feet  on  center  and 
a  1  foot  thick  reinforced  concrete  slab  at  the  tunnel  invert.  The 
outside  of  the  structure  is  coated  with  an  asphaltic  dampproofing. 
A  6  inch  perforated  drain  pipe  is  provided  at  the  base  of  the  wall 
on  either  side  to  prevent  surface  water  from  entering  the  tunnel. 
Figure  2-4,  which  follows,  provides  details  of  the  structure.  The 
portal  was  constructed  in  an  open  cut  in  the  side  of  the  hill  and 
backfilled  with  structural  material  prior  to  commencing  tunneling 
operations . 


2.2.3.  MAIN  ADIT  . 

The  main  adit  consists  of  2,935  feet  of  12  foot  wide  by  13  foot 
high,  straight  legged,  horseshoe-shaped  tunnel  which  commences  at 
Station  0+94  and  progresses  downgrade  on  a  10  per  cent  slope  to 
Station  30+29.  It  penetrates  completely  through  the  New  Providence 
and  New  Albany  Shales  and  terminates  in  the  middle  of  the 
Louisville  Formation,  286  feet  below  the  portal  elevatic^  and 
approximately  458  feet  below  the  top  of  the  hill  (see  Figure  2-5  on 
page  9  ) ,  The  main  adit  alignment  consists  of  two  tangent  sections , 
at  bearings  S3r06'53“E  and  N39“18'46-E,  and  a  250  foot  radius 
curve. 

A  total  of  four  widened  areas  or  bays  were  reqpiired  to  be  excavated 
within  the  main  adit.  The  tunnel  width  increased  to  17  feet  in  the 
bay  areas  to  accommodate  permanent  electrical  and  mechanical 
equipment.  Two  of  these  bays  were  for  electrical  transformers  and 
circuit  panels,  which  are  located  at  Station  15+00  and  Station 
29+73,  and  offset  to  the  right  of  tunnel  centerline.  The  other  two 
bays  contain  dewaterir-.g  sump  boxes  and  pumps  and  are  located  at 
Station  14+56  and  Station  30+17,  and  are  offset  to  the  left  of  the 
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Figure  2-3.  Portal  U-Wall. 


Figure  .2-5.  As-Bid  Plan  &  Profile 


tunnel  centerline.  The  design  configuration  of  the  main  adit 
included  a  12  inch  thick  gravel  invert  and  a  permanent  lining  of  2 
inches  of  shotcrete  in  the  shale  formations,  and  chain  link  fabric 
in  the  top  120°  of  the  crown  in  the  limestone  formations. 


2.2.4  Calibration  Adit  and  Drift . 

The  calibration  adit  forms  a  Y- intersection  with  the  main  adit  at 
Station  28+00  and  progresses  on  a  S80°41'14"E  bearing  away  from  the 
main  adit.  This  adit  is  a  12  foot  wide  by  13  foot  high  tunnel 
similar  in  cross  section  and  configuration  to  the  main  adit  and 
extends  from  Station  C  0+00  to  C  1+00.  At  Station  C  1+00,  the  cross 
section  reduces  to  an  8  foot  wide  by  8  foot  high  drift  which 
continues  to  the  termination  of  the  drift  at  Station  C  2+00.  The 
drift  is  not  lined  with  shotcrete  or  chain  link  fabric,  nor  does  it 
have  a  gravel  invert. 


2.2.5  Ground  Support  . 

The  design  of  the  permanent  tunnel  support  was  based  on  data 
obtained  through  the  geotechnical  explorations  conducted  at  the 
site  as  detailed  in  Section  II  of  the  GEOTECHNICAL  DESIGN  SUMMARY 
REPORT  (Reference  2  )  included  in  Vol.  2  of  the  “Solicitation  for 
the  Underground  Technology  Program  Test  Adit  Construction",  and 
summarized  in  Section  3  of  this  report.  The  primary  basis  for  the 
design  of  tunnel  support  was  the  Norwegian  Geotechnical  Institute 
(NGI)  Q-system  which  is  a  quantitative  design  method  based  on  the 
evaluation  of  hundreds  of  tunnels .  The  method  considers  a  variety 
of  parameters  that  are  known  to  affect  tunnel  stability . 

The  initial  ground  support  calculations,  based  on  the  data  obtained 
during  the  geotechnical  investigation,  indicated  that  the 
formations  to  be  excavated  (the  New  Providence  Shale,  the  New 
Albany  Shale,  and  the  Louisville  Carbonate)  required  only  minimal 
support,  for  example,  spot  bolting  in  localized  areas.  However,  it 
is  recognized  that  even  the  best  geotechnical  investigation  can 
only  identify  those  features  which  are  intersected  by  the  borings, 
and  that  sxibsurface  conditions  between  borings  may  vary 
considerably.  Therefore,  it  was  decided  to  provide  four  tunnel 
support  designs  in  the  contract  to  accommodate  the  likely 
variations  in  ground  conditions  which  might  be  encountered  during 
construction.  As  the  tunnel  was  excavated,  the  actual  ground 
conditions  encountered  were  evaluated  by  a  geotechnical  engineer 
familiar  with  the  design  requirements,  and  the  most  appropriate 
tunnel  support  design  was  selected  for  each  region.  This  approach 
allows  the  contractor  the  greatest  flexibility  in  constructing  the 
tunnel  while  affording  the  owner  the  lowest  cost  alternative  based 
on  the  actual  conditions  encountered. 
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Figure  2-6.  Tunnel  Supports. 


In  determining  the  permanent  ground  support  requirements,  the  rock 
mass  characteristics  developed  during  the  _  geotechnical 

investigation  were  the  primary  factors  considered  in  the  desi^. 
However,  additional  factors  such  as  extent  of  weathering,  proximity 
to  the  surface,  material  durability,  and  dynamic  loading  from  the 
future  test  events  were  also  considered  in  determining  the  final 
support  requirements.  Based  on  the  evaluation  of  rock  mass 

characteristics  and  future  use  of  the  site,  four  types  of  tunnel 
support  were  selected  for  use  in  the  contract.  The  support  methods 
included:  Type  I  Support,  spot  rock  bolts  (Number  8  by  8  foot  long) 
with  a  2  inch  minimum  thickness  of  non-reinforced  shotcrete;  Type 
II  Support,  pattern  rock  dowels  (No.  8  by  8  foot  long)  with  a  2 
inch  minimum  thickness  of  non-reinforced  shotcrete;  Type  III 
Support,  pattern  rock  dowels  (No.  8  by  8  foot  long  at  4  foot  on 
center)  with  chain  link  fabric  in  the  top  120°  of  crown;  and  Type 
IV  Support,  W6x25  steel  sets  at  4  foot  center-to-center  spacing. 
While  the  exact  locations  for  each  type  of  support  were  not 
determined  at  the  time  of  bid,  the  contract  provided  an  estimate  of 
the  quantity  of  each  type  for  bidding  purposes.  These  ground 
support  methods  are  depicted  in  Figure  2-6, (Type  I  and  II)  and 
Figure  2-7  on  the  following  page,  (Type  III  and  IV). 

In  addition  to  the  main  adit  support  designs  detailed  above, 
permanent  ground  support  designs  for  the  two  transformer  bays,  two 
suLinp  bays  and  the  Calibration  Adit  intersection  were  specified  in 
the  contract.  This  consisted  of  pattern  rock  bolts  (No.  8  by  10- 
foot  long  4  foot  on  center) and  a  2  inch  thickness  of  non-reinforced 
shotcrete  for  the  four  bays,  and  a  4  inch  thickness  of  wire 
reinforced  shotcrete  for  the  Calibration  Adit  intersection. 

In  the  shale  formations,  the  anticipated  primary  failure  mode  was 
the  deterioration  of  the  rock  surface  due  to  moisture  loss, 
commonly  referred  to  as  air  slaking,  which  causes  the  rock  to  ravel 
(disintegrate  into  pieces).  To  prevent  this  deterioration,  a  2  inch 
minimum  thickness  of  shotcrete  was  specified  throughout  the  shale 
formations,  and  it  was  necessary  to  seal  the  shale  with  shotcrete 
within  24  hours  of  exposure  to  the  atmosphere-  In  order  to 
facilitate  the  tunnel  advance  and  reduce  the  cost  of  the  project, 
the  specifications  allowed  the  shale  to  be  covered  with  a  air- 
excluding  sealant  within  the  first  24  hours  of  es^osure  to 
temporarily  protect  the  rock  surface  from  deterioration  or  air 
slaking-  The  permanent  shotcrete  lining  was  then  applied  some 
distance  behind  the  advancing  face,  effectively  removing  it  from 
the  daily  mining  cycle  and  allowing  the  contractor  to  utilize  a 
separate  and  more  efficient  operation. 


12 


13- 


Figure  2-7.  Tunnel  Supports. 


2.2.6.  Electrical  and  Mechanical  Systems  . 

The  contract  included  a  permanent  electrical  power  distribution  and 
lighting  system  for  both  the  surface  and  underground  work  areas. 
This  system  included  the  1,000  kVA  main  substation  located  above 
the  adit  portal.  The  system  also  included  transformers  and 
distribution  systems  for  the  contractor's  yard  area  and  the  tunnel 
services.  The  tunnel  system  consisted  of  three  substations  each 
comprised  of  a  transformer  and  power  distribution  panels.  One 
substation  was  located  together  with  the  main  substation  on 
surface,  and  the  other  two  substations  were  installed  in 
enlargements  in  the  main  adit  at  Station  15+00  and  Station  29+73. 

The  permanent  mechanical  systems  included  a  tunnel  ventilation 
system,  and  a  dewatering  collection  and  discharge  system.  The 
tunnel  ventilation  system  included  two  42-inch  diameter,  75 
horsepower  axial  vane  fans  and  approximately  3,100  linear  feet  of 
42  inch  diameter  steel  vent  line.  The  dewatering  system  included: 
four  2,800  gallon  sumps,  two  located  at  the  portal,  and  two  located 
in  the  tunnel  at  Stations  14+56  and  30+17;  six  submersible  pumps, 
and  approximately  3,l00  linear  feet  of  6  inch  diameter  steel 
discharge  line.  , 


2.3  CHANGES  DURING  CONSTRUCTION  . 

While  there  were  a  number  of  minor  changes  during  the  course  of  the 
contract,  there  were  only  four  substantial  changes  which  affected 
the  final  configuration  of  the  project.  Of  these  four  significant 
changes,  two  were  contractor  initiated,  one  was  Owner  initiated, 
and  one  was  due  to  differing  site  conditions. 


2.3.1  Contractor  Initiated  Changes  . 

The  first  contractor  initiated  change  dealt  with  the  6  inch 
discharge  line  from  the  adit  portal  to  the  Salt  River.  The  contract 
required  that  a  6  inch  spiral  weld  steel  pipe  with  Victaulic 
couplings  be  installed  on  the  ground  surface  from  the  portal  to  a 
discharge  point  in  the  Salt  River,  which  the  contractor  was 
required  to  maintain  during  the  life  of  the  contract.  The 
contractor  proposed  changing  this  to  a  buried  6  inch  PVC  pipe  in 
place  of  the  above  ground  steel  pipe.  While  the  installation  cost 
to  bury  the  line  was  higher  than  the  above  ground  installation 
cost,  there  were  savings  in  material  and  line  maintenance 
expenditures  realized  for  the  duration  of  the  contract,  and  for 
future  contracts  as  well.  This  made  the  revision  virtually  a  no- 
cost  change  for  the  Government  and  it  was  accepted  on  that  basis. 
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Figure  2-8.  Revised  Cal  Adit  Plan  &  Profile. 


The  second  contractor  initiated  change  involved  s instituting  a  6 
inch  thick  wire  reinforced  concrete  invert  in  the  shale  formations 
for  the  1  foot  thick  gravel  invert  specified.  The  cont^^^P^ 
proposed  this  revision  as  a  no-cost  change,  ^noting  that  the 
increased  cost  for  the  concrete  invert  would  be  offset  by  a  savings 
in  increased  mining  production  and  reduced  maintenance  of  the 
tunnel  invert.  The  change  to  a  concrete  invert  in  the  shale 
formations  was  accepted  by  the  Government. 


2.3.2  Owner  Initiated  Change  . 

As  plans  for  the  overall  test  configuration  for  the  UTP  test  bed 
were  developed  further,  the  Government  found  it  necessary  to 
relocate  the  Calibration  Adit  to  accommodate  the  overall  test 
objectives  for  the  UTP.  The  Government  initiated  a  design  change 
which  relocated  the  Calibration  Adit  from  Station  28+00  with  a 
bearing  of  S80®41'14“E  to  Station  24+64  with  a  bearing  or 
N35°41'14“W.  The  change  also  eliminated  the  100  feet  of  8  foot  by 
8  foot  drift  and  replaced  it  with  a  additional  100  feet  of  12  foot 
by  13  foot  drift  and  10  feet  of  10  foot  diameter  shaft.  Figure  2-8 
shows  the  alionment  changes  and  Fi^re  2-9  on  the^  ne^rt  page 
depicts  the  Calibration  Adit  arid  Charge  Shart.  derai-s . 


This  change  was  negotiated  with  the  contractor,  but  it  was 
imolemented  due  to  the  more  sweeping  changes  in  the  scope  of  the 
project  necessitated  by  the  differing  site  condition  at  Station 

18+54 . 


2.3.3  Differing  Site  Condition  . 

On  June  25,  1993,  when  the  tunnel  heading  was  at  Station  18+54, 

detectable  levels  of  methane  gas  were  encountered.  The  contractor 
immediately  ceased  mining  operations,  withdrew  the  roadheader 
the  face,  and  instituted  a  gas  monitoring  program  to  determine  the 
0Xt0nt,  of  the  gas  inflow.  Over  the  course  of  the  next  several  days, 
the  gas  monitoring  program  indicated  that  while  the  flow  of 
explosive  gas  was  sporadic,  varying  from  zero  to  greater  than  20 
oercent  of  the  Lower  Explosive  Limit  (LEL)  of  methane it  was 
continuing,  and  exceeded  the  OSHA  limits.  This  necessitated  ^^a 
change  in  classification  of  the  tunnel  from  "non-gassy"  to  “gassy”. 
The  revision  in  tunnel  classification  required  that  the  mining 
eauioment,  ventilation  equipment,  and  electrical  equipment  be 
changed  to  comply  with  the  more  stringent  requirements  tor  gassy 
tunnels.  Over  the  next  several  months,  various  alternate  plans  to 
continue  the  project  were  evaluated  on  the  basis  of  UTP 
requirements,  safety  compliance,  constructibility,  and  cost  and 
schedule  impacts. 
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Figure  2-9.  Revised  Cal  Adit. 


A  ventilation  expert  from  the  Bureau  of  Mines,  and  additional 
safety  personnel  from  the  DNA  Field  Command,  Las  Vegas,  were 
brought  in  to  assist  in  the  development  of  the  alternate  plans  lor 
the  completion  of  the  test  adit  construction  contract.  Based  on  an 
evaluation  of  the  alternate  plans  available,  and  an  extensive 
review  of  the  overall  UTP  requirements,  DNA  directed  that  the  adit 
construction  be  terminated  at  Station  18+54.  DNA  also  directed^ that 
the  gas  producing  portion  of  the  tunnel^  had  to  be^  sealed  with  a 
containment  plug  and  pressure  grouting,  similar  to  that  utilized  at 
the  Nevada  Test  Site  (NTS),  and  that  a  12  foot  wide  by  13  foot  high 
test  adit  be  constructed  parallel  to  and  below  the  existing  main 
adit.  As  a  result  of  this  determination,  the  following  changes  were 
implemented: 

1 .  The  existing  ventilation  system  was  upgraded  ^  by 
replacing  the  non-explosion-proof  fan  with  an  explosion- 
proof  fan. 

2  A  continuous  gas  monitoring  system  with  remote  sensors 
was  installed  and  interloc.ked  to  the  tunnel  lighting  and 
mine  power  feed  systems. 

t 

3 .  The  gas  inflow  was  isolated  from  the  work  area  with 
concrete  slab  and  vent  pipes  connected  to  a  main  vent 
line.  Figure  2-10  .  on  the  next  page  shows  this 
arrangement . 

4.  A  containment  plug  was  installed  from  Station  17+70  to 
Station  18+00  utilizing  the  NTS  grout  mix  and  a  pressure 
grout  containment  plug  (see  Figure  2-10). 

5 .  524  feet  of  a  12  foot  wide  by  13  foot  high  test  adit  was 
constructed  starting  at  the  main  adit  Station  16+00  and 
orogressed  on  a  0.5  percent  slope  up  and  back  toward  the 
portal  on  a  parallel  heading,  100  feet  north  of  the  main 
adit.  Figure*  2-11,  which  follows,  provides  an  as-built 
plan  and  profile  for  this  revision. 

6.  The  main  adit  from  Station  18+54  to  Station  30+29  was 
deleted. 

7.  The  electrical  substation  at  Station  29+73  was  deleted 
and  the  permanent  electrical  distribution  in  the  tunnel 
was  revised. 

8.  The  dewatering  sximp  at  Station  30+17  was  eliminated  and 
the  6-inch  tunnel  "discharge  line  was  terminated  at  the 
dewatering  sump  at  Station  15+00.  . 

9 .  The  Revised  Calibration  Adit  at  Station  24+54  and  charge 
shaft  was  deleted. 
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Figure  2-10.  Gas  Containment  Plug. 


Figure  2-11.  As-Built  Plan  &  Profile 


Figure  3-1.  Rodgers  Hollow  Area. 
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SECTION  3 


GEOLOGY 


3.1  GENERAL  SITE  AREA  • 

The  UTP  projec±  area  lies  beneath  a  ridgeline  and  immediately  east 
of  a  small  tributary  valley  to  the  Salt  River  on  the  northern  end 
of  Ft.  Knox.  A  map  is  provided  in  Figure  3-1,  as  well  as  earlier 
Figure  1—1.  The  portal  for  the  adit  was  excavated  on  the 
lower  hillslope  of  the  ridgeline,  just  above  the  slope  break  to  the 
valley,  which  is  called  Rodgers  Hollow.  The  Rodgers  Hollow  area  is 
characterized  by  a  relatively  flat  valley  floor  surrounded  by  hills 
on  three  sides.  The  area  is  drained  by  a  small  unnamed  creek  that 
branches  into  two  forks  in  the  northern  portion  of  the  hollow.  This 
creek  flows  into  the  Salt  River  approximately  0.6  miles  southwest 
of  the  entrance  of  Rodgers  Hollow. 

The  overburden  material  in  Rodgers  Hollow  consists  of  quaternary 
alluvium  and  lacustrine  deposits;  generally  light-tan  to  dark-brown 
silts  and  clays  with  varying  amounts  of  sand,  gravel,  and  rock 
fragments.  Zones  of  gray  to  olive-gray  silty  clays  are  commonly 
encountered  in  an  intermix  with  the  brownish  material .  The 
overburden  slopes  toward  the  drainageway  in  the  hollow  and 
nominally  parallels  the  ground  surface  contours .  In  many  areas  of 
Rodgers  Hollow,  the  water  table  is  2  to  6  feet  below  the  ground 
surface. 

The  bedrock  at  the  portal  elevation  is  shale  that  is  a  part  of  the 
Mississippian-age  Borden  formation.  The  portal  was  constructed  at 
the  boundary  between  the  upper  shale  member  of  the  Borden 

Formation,  the  Nancy  Member,  and  the  underlying  New  Providence 
Shale  Member  (see  Figure  3-2  on  the  next  page).  At  this  site,  the 
Nancy  and  New  Providence  Members  are  essentially  indistinguishable, 
although  the  silt  content  of  the  Nancy  Shale  is  known  to  be 
slightly  higher  than  that  of  the  finer  grained,  underlying  New 
Providence  Shale.  The  general  hillslope,  above  the  slope  break  to 
the  valley,  has  a  minimal  soil  profile  and  a  weathered  zone 

approximately  20  to  30  feet  thick.  Because  the  New  Providence  and 
Nancy  Members  of  the  Borden  Formation  are  so  impervious  to  water, 
the  depth  of  weathering  usually  does  not  exceed  30  feet  below  the 
ground  surface. 

The  Nancy  Member  Shale  base  lies  at  the  portal  elevation  and  is 

approximately  150  feet  thick,  so  that  under  the  main  portion  of  the 

ridgeline,  the  Nancy  Shale  overlies  the  adit  for  a  considerable 
thickness.  The  New  Providence  Member  Shale  continues  180  feet 
beneath  the  portal.  Another  80  feet  of  shale  thickness,  the  New 
Albany  Shale,  exists  below  the  New  Providence,  making  the  total 
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Figure  3-2.  Strategraphic  Column  of  Ft.  Knox  UTP  Area  of  North  Central  Kentucky. 


aggregate  thickness  of  shale  above  and  below  the  portal  elevation 
greater  than  300  feet.  Beneath  the  New  Albany  are  the  initial  test 
target  carbonates  of  the  Louisville  Formation. 

The  uppermost  hillslooes,  just  below  the  ridge  line,  are  also 
predominantly  shale,  yet  they  actually  classified  as  shaley 
siltstone  with  minor  beds  of  limestones,  dolometic  siltstones, 
shales,  and  sandstones.  The  materials  are  of  the  Upper  Borden 
Formation  (Muldraugh  Member).  The  ridge-capping  materials  consist 
of  the  Harrodsburg  and  the  overlying  Salem  Formations.  All  the 
hillslope  and  ridgeline  materials  are  of  Mississippian  age.  The 
stratigraphic  relationship  and  thicknesses  of  the  rocks  of  this 
area  of  Ft.  Knox  are  shown  in  the  stratigraphic  column  on  Figure 
3-2  opposite. 

The  valleys  bordering  the  test  site  ridge  have  been  formed  by 
0j-Qsional  orocesses  of  the  tributary  streams;  however,  the  valleys 
in  the  vicinity  of  the  test  site  have  also  been  affected  by  a  major 
glacier  advance  during  the  Illinoisan  Ice  Age  which  occurred 
approximately  200,000  years  ago .  Glaciers  advanced  to  within  50 
miles  of  the  site  area.  The  advance,  along  with  the  climate  effects 
associated  with  the  glacial  period,  caused  substantial  erosion  and 
alteration  to  the  existing  drainage  of  the  area,  including  the 
rerouting  of  the  ancestral  Ohio  River  from  a  more  northerly 
position  to  the  one  now  currently  occupied  (Reference  1  )  as  shown 
in  Figure  3-3  on  the  next  page. 

The  ice  advance  caused  the  pooling  of  water  in  many  ve^  large 
areas,  including  a  huge  temporary  lake  in  the  vicinity  of 
Louisville,  which  encompassed  Rodgers  Hollow  and  the  nearby 
valleys.  This  led  to  the  deposition  of  some  very  low-strength 
lacustrine  (lake  bed)  silty  clay  units  in  the  valleys.  The  weak 
lacustrine  deposits  associated  with  the  valleys  were  not  a  factor 
in  the  adit  design  and  construction  because  they  exist  at 
elevations  below  the  portal,  and  are  present  only  within  the  valley 
boundaries . 


3.2  ADIT  GEOLOGY  . 

A  geologic  profile  along  the  adit  centerline  is  shown  in  Figure  3-4 
which  follows.  The  adit  portal  materials  consist  of  the  basal  Nancy 
Member  Shales  and  upper  New  Providence  Shales  of  the  Borden 
Formation.  As  the  adit  penetrates  deeper,  the  New  Providence  Shale, 
while  appearing  lithologically  quite  consistent,  has  a  gradual 
decrease'  in  the  fine-grained,  granular  quartz  content  with 
increasing  depth.  The  contact  with  the  underlying  New  Albany  Shale 
is  obvious,  as  it  is  where  the  dark  gray  shales  of  the  New 
Providence  give  way  abruptly  to  the  dark  brown  shales  of  the  New 
Albany.  The  New  Albany  is  a  more  competent  shale  than  the  New 
Providence,  although  it  is  less  dense  because  of  the  high 
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Figure  3-3.  Maximum  Advance  of  Glaciers  In 
Ft.  Knox  Revion. 
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Figure  3-4.  Geologic  Profile  Along  Adit  Centerline 


percentage  of  kerogen  (organic  material)  it  contains. 

Below  the  New  Albany  there  is  an  equally  recognizable  transition  to 
the  important  carbonate  (limestones  and  dolomites)  section  of  the 
test  horizon.  The  uppermost  carbonate  formation  is  the 
Jeffersonville  limestone  which  varies  in  thickness  through  the  test 
area  from  6  to  9  feet.  Beneath  the  Jeffersonville  is  the  100  feet 
thick  Louisville  Carbonate  Formation.  The  Louisville  is  difficult 
to  distinguish  from  the  overlying  Jeffersonville,  unless  it  is 
tested  by  applying  hydrochloric  acid.  The  Jeffersonville  is  mostly 
limestone  (calcite  (CaCOj))  while  the  Louisville  is  predominately 
dolomite  (Ca,  MgCOs) .  However,  there  are  zones  within  the 
Louisville  which  are  rich  in  calcite  and  can  be  classified  as 
limestone,  hence,  the  term  Louisville  Carbonate  was  chosen. 

Since  the  adit  was  never  intended  to  penetrate  below  the  Louisville 
Formation,  the  deeper  formations  (Laurel,  Osgood,  and  Brassfield), 
which  were  penetrated  by  the  exploratory  borings,  are  not  described 
herein . 


3.3  FIELD  EXPLORATION  PROGRAM  . 

The  geotechnical  characterization  of  the  UTP  project  site  consisted 
of  field  explorations  and  testing.  The  purpose  of  the  explorations 
was  to  provide  the  factual  data  to  characterize  the  site  for 
testing  purposes,  and  to  identify  the  geotechnical  conditions 
expected  during  excavation  of  the  portal  and  adit,  including  the 
geologic  foannations,  rock  type  and  condition,  and  the  anticipated 
ground  water  conditions  which  had  to  be  addressed.  To  accomplish 
this  task,  four  geologic  exploration  techniques  were  used:  core 
drilling;  hydrologic  testing  and  water  sampling;  geophysical 
logging;  and  formation  gas  detection. 

The  exploration  activity  was  chronologically  subdivided  into  four 
different  phases.  These  were:  1)  site-selection,  2)  adit  lay-out, 
3)  groundwater  monitoring  and  testing,  and  4)  formation  gas 
detection.  Ft.  Knox  was  only  one  of  a  number  of  sites  considered 
during  Phase  1,  site  selection,  and  the  last  of  this  work  was 
accomplished  during  calendar  year  1990.  Phases  2,  3  and  4  were 
accomplished  only  for  the  Rodgers  Hollow  site,  and  were  conducted 
concurrently  during  the  calendar  year  1991.  Additional  exploration 
activities  classified  under  phases  2  and  3  were  conducted  during 
the  construction  of  the  test  adit  in  the  calendar  years  1992  and 
1993. 
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3.3.1  Core  Drilling  . 


A  total  of  15  NQ  and  NX  core  borings  were  drilled  and  logged  as 
part  of  the  preconstruction  exploratory  program  developed  for  the 
UTP.  During  the  site  selection  (Phase  1)  of  this  project,  two 
borings,  FK-1  and  FK-2  were  cored  with  NQ  wireline  equipment,  each 
to  a  depth  of  500  feet.  This  work  was  performed  under  contract  for 
WES  using  a  Failing  500  drill  rig.  Site-specific  explorations 
(Phase  2)  to  lay  out  the  adit  and  define  the  anticipated  tunneling 
conditions  included  borings  CB-1,  CB-3,  CB-4,  CB-5,  CB-6,  and  CB-7 
(boring  CB-2  was  not  drilled) .  Explorations  conducted  to  define  the 
conditions  at  the  portal  location  included  one  vertical  and  one 
angle  boring,  designated  PV  and  PH  respectively.  All  of  the  Phase 
2  drilling  was  performed  by  U.S.  Army  Corps  of  Engineers  drill 
crews.  Five  additional  borings,  GWMH-1,  GWMH-2,  GWMH— 3,  GWMH-3A, 
and  GWMH-4  were  cored  as  part  of  Phase  3  groundwater  monitoring 
program.  All  of  these  holes  were  drilled  by  the  Corps  of  Engineers 
using  HQ  wireline  equipment.  Boring  GWMH-3A  was  logged  only  by  the 
geophysical  surveys,  and  GWMH-4  was  not  logged  at  all. 

During  the  Test  Adit  Construction  phase  of  the  UTP,  an  additional 
exploratory  program  was  carried  out  in  December  1992,  and  in  May 
19  93,  in  which  a  total  of  9  additional  borings  were  drilled  and 
logged.  Piezometers  were  later  installed  in  five  of  these  borings 
(P-1,  p-2,  CS-5,  CS-6,  and  CS-7)  and  in  two  of  the  previous  borings 
.(GWMH-2  and  GWMH-4).  The  boring  locations  are  shown  on  Figure  3-5 
on  the  opposite  page  and  the  logs  of  the  borings  are  presented  in 
Appendix  A. 


3.3.2  Geologic  Discontinuities  . 

Based  on  data  obtained  from  the  preconstruction  exploratoi:Y  borings 
and  other  available  geologic  data  available,  it  was  concluded  that 
no  faults  or  shears  would  be  encountered.  It  was  also  concluded 
that  bedding  plane  joints,  which  are  horizontal  to  moderately 
inclined,  would  comprise  the  majority  of  joints  encountered. 

Discontinuities  in  the  New  Providence  Shale  are  typically  planar, 
tight  to  moderately  tight,  horizontally  oriented  (0°  to  10°)  with 
smooth  to  slightly  rough  surfaces  and  with  a  few  occurrences  of 
soft  clay  fillings.  The  discontinuities  are  mostly  unweathered. 
The  New  Albany  Shale,  on  the  other  hand,  has  steeper 
discontinuities  (0°  to  40°),  with  occasional  calcite  and  pyrite 
fillings.  The  joints  are  planar,  slightly  rough  to  rough-surfaced, 
moderately  tight  to  tight,  and  unweathered.  The  Louisville 
Carbonate  Formation  typically  has  a  higher  frequency  of 
discontinuities  than  both  the  New  Providence  and  New  Albany  Shales. 
Discontinuities  here  are  steeper  (0°  to  50°),  and  are  open.  Calcite 
fillings  are  frequent  along  the  joints.  Weathering  of 
discontinuities  in  the  Louisville  Carbonate  Formation  is  more 
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evident . 


Geologic  mapping  of  main  and  test  adits  confirmed  the  exploratory 
data  obtained  for  the  New  Providence  Shale.  In  accordance  with  the 
exploratory  data,  no  shears  or  faults  were  encountered  and  only 
five  open  and  bentonite-filled  joints  were  encountered.  All  of 
these  were  encountered  in  the  first  141  feet  of  main  adit,  close  to 
portal  (Station  0+94  to  Station  2+34).  Every  one  of  these 
discontinuities  were  transverse  and  vertically  oriented  (252  to 
263°  Azimuth  strike  and  75°  to  85°  NW  dip  direction). 

There  were  four  bedding  planes  encountered  in  the  main  adit  at 
Station  4+55,  Station  16+07,  Station  16+55,  and  Station  17+62. 
Their  measured  Azimuth  strikes  ranged  from  305°  to  335  '  except  for 
the  bedding  plane  at  Station  17+65  which  had  a  285°  Azimuth  strike. 
Dip  angles  for  these  planes  were  6.5°  to  9°  NW  direction  except  for 
the  plane  at  Station  17+65  which  had  a  SW  dip  direction. 

Since  all  of  the  explorations,  other  than  portal  boring  PH,  were 
drilled  vertically,  exploratory  data  would  be  biased  against  high- 
angle  fractures,  and  the  exploratory  borings  data  for  the  New 
Albany  Shale  and  the^  Louisville  Carbonate  Formation  may  not  be 
representative  of  what  might  be  encountered  in  the  adit  when 
tunneling  into  these  strata. 


3.3.3  Hydraulic  Testing  and  Water  Sampling  . 

The  UTP  site-selection  criteria  required  that  the  final 
experimental  test  bed  be  located  in  a  water— saturated,  carbonate 
rock.  The  hydrologic  properties  of  the  Louisville  Formation  are 
important  characteristics,  not  only  for  test  bed  predictions,  but 
also  for  anticipating  ground  water  conditions  during  construction. 
To  that  end,  a  program  to  establish  and  define  the  hydrologic 
nature  of  the  site  was  developed  and  consisted  of: 

1.  Constant  head  tests  using  downhole  packer  injection  to 
establish  rates  of  flow  and  hydraulic  conductivity  by 
depth  interval. 

2.  Water  sampling  to  determine  water  quality. 

3.  A  long-term  (25 -hour)  pump  test  to  determine  the  ^ility 
to  draw  down  the  primary  aquifer  at  the  site  (Louisville 
Carbonate  Formation) . 

The  injection  (piimp  in)  tests  were  conducted  in  seven  of  the  NQ 
boreholes  to  determine  the  volume  of  water  required  to  maintain  a 
constant  head. 
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Table  3-1. 


Summary  of  Aquifer  Water  Quality  . 


AMALYSIS 

Conductivity 

Ph  _ 

Total  Alkalinity 

Chloride _ 

Calcium _ _ 

Magnesium 

Sodium 

Hardness  (CaCOj) 

Total  Dissolved  Solids 


RESULTS 

27,000  micro-omhs 
7.01 
456 

11,535  mg/1 
588  mg/1 
336  mg/1 
5,620  mg/1 
2,820  mg/1 
16,500  mg/1 


Determining  the  quality  of  the  groundwater  present  in  the 
Louisville  Formation  was  an  important  consideration  in  the  planning 
of  the  UTP  Test  Adit  Project.  An  uncontaminated  water  sample  was 
obtained  from  boring  CB-6  and  chemically  tested.  The  results  of  the 
?aboralor^  test  arl  reported  in  Appendix  B.3  of  the  GEOTEC^ICAL 
DESIGN  SUMMARY  REPORT  (Reference  2  )  and  are  provided  in  Table  3-1. 
Due  to  the  high  chloride  content  of  the  groundwater,  it 
was  necessary  to  make  special  provisions  in  the  contract  to  pipe 
the  tunnel  discharge  water  to  the  Salt  River  and  to  specify  minimum 
dilution  factors  for  its  discharge  into  the  river. 


The  long  term  pump  test  was  performed  using  a  large  dimeter 
boring,  denoted  as  borehole  GTB-1.  An  8-1/2  inch  diameter  hole  was 
drilled  with  an  air  hammer  to  a  depth  of  102  feet,  and  a  6  inch 
diameter  PVC  pioe  was  set  in  place  and  sealed  with  Bentonite.  The 
remainder  of  the  hole  was  then  drilled  with  a  6  inch  diameter  air 
hammer  button  bit  to  a  total  depth  of  640  feet.  Detailed  results  of 
this  test  were  reported  in  Appendix  B.2,  Volume  4  of  the 
"Solicitation  For  Underground  Technology  Program  Adit 
Construction"  (Reference  3  )  Tables  3-2  and  3-3  on  the  following 
page  summarize  the  results  from  the  active  and  passive  pumping 
chases  of  the  pump  test  performed  at  boring  GTB-:1* 


Based  on  the  data  obtained  through  the  hydraulic  testing  progr^ 
conducted  at  the  site,  it  was  established  that  the  porosity  in  the 
carbonate  material,  known  in  many  situations  to  be  laterally 
variable,  exists  only  on  a  minor  scale  in  the  immediate  vicinity  of 
the  Louisville  Carbonate  Formation  of  interest.  Furthermore,  the 
Louisville  Formation  water  reservoir  could  be  considered  isotropic 
in  properties  and  in  extent.  The  two  distinct  porosity  zones  of  the 
Louisville  Carbonate  Formation,  the  upper  and  the  lower  porosity 
zone,  appear  to  be  both  laterally  continuous  (at  least  in  the  area 
of  the 'program  borings),  as  suggested  by  their  presence  in  each 
well  of  the  pump  test  program.  Also,  only  partial  water  level 
recovery  was  achieved  in  a  24  hour  period  after  pumping.  This 
suggests  that  the  extent  of  the  aquifer  is  limited. 

Using  the  characterized  coefficient  of  transmissibility  in  the 
vicinity  of  borings  GTB-1  and  GWMH-2  as  750  to  1120  gpd/ft  (100  to 
150  ft^/day/foot ) ,  as  reported  in  Appendix  B.2,  Volume  4  of  the 
"Solicitation  For  Underground  Technology  Program  Test  Adit 
Construction"  (Reference  3  )  and  using  74  feet  as  the  nominal 
aquifer  thickness,  the  equivalent  hydraulic  conductivity  would  be 
2  35  to  2.03  ft/day.  Assuming  a  steady-state  drainage  for  both  the 
borehole  and  the  adit  under  a  constant  water  head  of  270  ft,  the 
tunnel  was  estimated  to  produce  about  510  to  766  Ft  of  water  per 
day  per  foot  of  length  in  the  aquifer  (see  Appendix  B.2).  This 
translates  to  acoroximately  2.6  to  4.0  gpd  per  foot  of  adit.  Since 
the  adit  was  de's'igned  to  have  a  10  percent  downward  grade,  the  74 
feet  of  aouifer  translates  to  approximately^  740  feet  of  aquifer 
zone  penetration.  The  resulting  total  flow  within  the  Louisville 
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Table  3-2 . 


Coefficients  of  transmissibility  and  storage/ 
Active  Pumping  Phase  GTB-1. 


WETJL  TEST 

COEF  TRANS  fT) 

COEF  STORAGE 

GPD/FT 

isi 

GWMH-2 

121 

676 

3,60 

GWMH-4 

320 

1650 

1.34 

CB-5 

540 

663 

1.75 

CB-6 

960 

539 

1.90 

FK-1 

1250 

499 

1.53 

GWMH-1 

1520 

580 

0.92 

CB-7 

1590 

434 

0,61 

GWMH-3A 

2090 

868 

0.48 

Coefficients  of  transmissibility  and  storage. 
Passive  Recovery  Phase  GTB-1. 


WELIi/TEST 

COEF  TRANS  ^T^ ,  GPD/FT 

‘gWMH-2 

729 

GWMH-4 

1600 

CB-5 

1422 

CB-6 

1307 

FK-1 

937 

GWMH-1 

904 

CB-7 

1114 
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aquifer  was 


calculated  to  be  1,925  to  2,960  gallons  per  day. 


3.3.4  Geophysical  Surveys  . 

Geophysical  wireline  logging'  was  conducted  in  each  of  the  core 
borings  drilled  at  the  site  in  the  preconstruction  exploration 
phase,  except  for  the  portal  area  borings  (PV  and  PH)  and  the  air 
drilled  boring  (GTB-1).  Various  types  of  geophysical  logs  were 
performed  during  this  program.  All  logs  were  run  in  the  open  hole 
within  several  months  of  the  completion  of  the  drilling  of  each 
hole.  The  types  of  log  runs,  the  principle  of  measurement,  the 
recorded  parameters  of  each  log  type,  and  the  results  of  the 
logging  are  summarized  in  Section  V  of  the  GEOTECHNICAL  DESIGN 
SUMMARY  REPORT  (Reference  2  ) . 


3.3.5  Formation  Gas  Detection  . 

In  an  attempt  to  detect  the  possible  presence  of  formation 
hydrocarbon  and/or  hydrogen  sulfide  (HzS)  gases,  a  “mud  logging" 
miit  was  employed  during  the  air  drilling  of  boring  GTB— 1  in  July, 
1991,  to  monitor  the  returning  air  stream  in  order  to  determine 
the  presence  and  concentration  of  either  or  both  of  the  gases. 

The  hydrocarbon  gas  detection  involved  the  use  of  two  instriiments , 
a  total  hydrocarbon  gas  detector,  and  a  gas  chromatograph  unit. 
The  total  hydrocarbon  gas  detector  that  was  utilized  on  the  UTP 
logging  is  commonly  referred  to  as  a  thermal  conductivity  detector 
(TCD) .  This  unit  provides  a  continuous  measurement  of  the  presence 
and  level  of  total  combustible  gases  either  within  the  flow 
stream,  as  in  the  case  of  air  drilling,  or  emanating  out  of 
solution  from  the  recirculating  mud  stream.  The  gas  chromatograph, 
uses  discrete  samples,  separating  the  mixture  into  its  component 
gases,  and  then  samples  each  component.  In  this  way  the  device  can 
determine  the  type,  such  as  methane  (CH^),  ethane  (CjHg),  propane 
(CjHg),  butane  and/or  isobutane  (C^Hjo)/  and  pentane  (C5H12)/  and 
concentration  of  each  component  gas  within.  Methane  (CH^)  gas  was 
detected  in  borehole  GTB-1.  The  total  hydrocarbon  gas 
concentration  was  measured  and  recorded,  as  well  as  an  independent 
methane  concentration  level .  .The  results  are  presented  in  Figure 
3-6  on  the  following  page. 

Figure  3-6  also  shows  the  data  recorded  from  the  hydrocarbon  gas 
detectors  adjacent  to  the  lithologic  log  and  stratigraphic  column. 
There  was  no  gas  was  detected  through  the  entire  Borden  Shale 
section  of  the  hole.  The  first  detection  of  gas  corresponds  with 
the  drill  bit  penetration  into  the  top  of  the  organically  rich  New 
Albany  Shale,  and  the  sustained  high  readings  matched  almost 
perfectly  with  the  interval  within  the  New  Albany  Shale  which  has 
the  highest  natural  gamma  ray  activity  on  the  geophysical  log.  In 
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previous  studies,  this  interval  has  been  shown  to  possess  the 
highest  organic  material  content  in  the  form  of  kerogen  as  well 
(Reference  7.2  in  GEOTECH  REPORT).  Samples  of  this  material  have 
been  triaxially  tested  in  the  laboratory  and  have  been  obsep^ed  to 
release  hydrocarbon  gas  after  testing.  Based  on  the  formation  gas 
detection  operation,  it  was  determined  that  small  guantities  oj. 
methane  (CH^)  gas  may  be  encountered  as  the  adit  is  driven  through 
the  upper  portion  of  the  New  Albany  Shale. 

The  presence  of  hydrogen  sulfide  (HjS)  gas  in  the  UTP  adit  was 
another  concern  since  it  could  represent  a  serious  hazard  to 
personnel.  In  an  attempt  to  detect  the  presence  and  measure  levels 
of  hydrogen  sulfide  gas,  two  types  of  sensors,  one  active  (Metal 
Oxide  Detector)  and  one  passive  (Lead  Acetate  Paper),  were 
employed  to  monitor  the  exit  air  stream  while  drilling  borehole 
GTB-1.  The  data  obtained  from  that  monitoring  program  is  displayed 
adjacent  to  the  lithologic  log  and  stratigraphic  column  in  Figure 
3-6  It  can  be  clearly  seen  that  the  occurrence  of  H,S 
corresponds  to  the  upper  porosity  zone  in  the  Louisville 
Formation . 

The  formation  gas  monitoring  project  resulted  in  the  detection  of 
both  hydrocarbon  and  hydrogen  sulfide  gases.  Each  was  identified 
in  distinct  and  isolated  intervals. 

Du'^ing  construction  of  main  adit,  methane  (CH4)  gas  was  encountered 
in  the  top  2  to  3  feet  of  the  New  Albany  Shale,  as  gas  perculated 
from  two  0.1-inch  wide,  calcite  filled,  open  vertical  joints  in 
rhe  New  Albany  Shale  in  the  adit  invert  at  approximate  station 
18+50.  Analysis  of  the  air/gas  samples  taken  revealed  that  the 
emitted  gas  was  98  percent  methane  (CH4)  with  the  remainder  being 
orimarily  carbon  dioxide  (CO2)  and  ethane  (C^Hg) .  Concentrations  fot 
samoles  taken  at  adit  face  were  24  ppm  of  CH,  on  the  left  side,  463 
and*  155  ppm  CH4  at  center  (2  samples),  and  64  ppm  CH4  at  right 
side.  Hydrogen  sulfide  gas  was  not  encountered,  since  no  tunneling 
in  the  Louisville  Carbonate  Formation  was  performed. 


3 . 4  UNDERGROUND  GEOLOGIC  MAPPING  . 

The  Full  Periphery  Method  (developed  by  the  U.S.  Corps  of 
Engineers)  was  adopted  for  mapping  the  underground^  geology 
encountered  in  the  excavation  of  the  adit.  The  mapping  indicated 
that  the  New  Providence  Shale  was  massive  _  with_  few 
discontinuities.  Five  vertically  oriented,  bentonite  filled  joints 
were  encountered  in  the  first  50  feet  of  the  main  adit  excavation. 
Another  set  of  tight,  mostly  vertical  joints  was  encountered 
between  Station  2+29  and  Station  2+35.  As  noted  in  Section  3.3.2, 
There  were  four  bedding  planes  encountered  in  the  main  adit  at 
Station  4+55,  Station  16+07,  Station  16+55,  and  Station  17+62. 
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Cobble-size  siderite  intrusions  occurred  frequently _ throughtout 
the  New  Providence  Shale  and  one  8  inch  thick  siderite  dike  was 
encountered  in  the  main  adit  from  Station  15+64  to  Station  16+54 
and  continued  on  in  the  test'  adit  to  Station  C  3+10.  The  New 
Providence  Shale  started  displaying  organic  laminar  deposition 
patterns  at  about  Station  15+00,  where  shale  started  to  have 
horizontal  bands  of  olive— green  to  grayish  green  coloration  that 
became  increasingly  dominating  and  distinct  as  excavation  advanced 
deeper  into  the  New  Providence  Shale  towards  interface  with  the 
dark  brown  colored  New  Albany  Shale  (encountered  at  Station 
15+34).  Detailed  geologic  maps  are  presented  in  Appendix  C. 


3.5  SITE  HYDROGEOLOGY  . 

The  test  site  selection  criteria  required  a  saturated  carbonate 
section  at  the  test  depth,  therefore,  a  discussion^  of  the 
hydrology  of  area  becomes  necessary  to  complete  the  description  of 
the  geology  of  site  area.  Two  hydrologic  regimes  are  discussed, 
the  soil  water,  and  the  water  within  the  rock  units.  Please  refer 
to  Section  3.3.3,  Hydraulic  Testing  and  Water  Sampling,  for 
details  of  hydrological  testing  performed  for  the  UTP. 


3.5.1  Soil  Water  . 

The  valleys  contain  a  shallow  perched  water  table.  Boreholes 
drilled  at  various  locations  within  the  Rodgers  Hollow  area,  below 
the  grade  change  controlled  by  the  weathering  of  the  rock  slopes, 
all  indicated  the  presence  of  the  shallow  water  table.  The 
recorded  piezometric  levels  showed  a  remarkable  seasonal 
dependence.  For  example,  the  water  table  at  a  site  a  small 
distance  up  the  valley  from  the  portal  area  had  been  obse^ed  at 
a  depth  of  2  to  4  feet  below  the  surface  in  February  to  April,  and 
as  deep  as  9  or  10  feet  in  August  through  early  November.  This 
perched  aquifer  exists  only  at  elevations  within  the  valley  proper 
and  below  the  portal  elevation,  so  that  it  should  not  be  a  factor 
in  either  portal  construction  or  within  the  adit . 


3.5.2  Rock  Hydrology  . 

The  hydrology  of  the  rock  materials  affects  the  design  parameters 
of  the  adit  construction.  For  the  purposes  of  this  discussion, 
the  rock  hydrology  will  be  divided  into  three  zones:  the  Shale 
Zone;  the  Louisville  Carbonate  Zone;  and  the  Deep  Zone,  i.e.  the 
Waldron  Formation  into  the  Laurel  Dolomite  (Laurel  Zone). 
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Figure  3-7 , 


Typical  Profile  of 


Installed  Piezometers. 
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3. 5. 2.1  Shale  Hydrology.  All  of  the  shale  \inits  encountered  above 
the  Louisville  Carbonate  give  evidence  of  100  percent  water 
saturation.  However,  no  noticeable  water  flow  has  been  encountered 
while  drilling  within  the  Borden  or  New  Albany  Shales .  Thus ,  from 
a  hydrologic  engineering  standpoint,  only  minor  water  seepage 
would  be  expected  while  tunneling  through  the  shales. 


3. 5. 2. 2  Louisville  Carbonate  Hydrology.  Two  zones  of  water  flow 
within  the  Louisville  Carbonate  have  been  detected  and 
hydrologically  tested.  The  upper  zone  is  variable  in  thickness, 
but  the  base  of  the  zone  lies  35  to  40  feet  below  the  base  of  the 
New  Albany  Shale.  This  zone  is  identified  as  the  major  water 
producing  zone  of  the  site.  The  lower  water-bearing  zone  of  the 
Louisville  lies  approximately  20  feet  above  the  underlying  Waldron 
Shale.  This  zone  is  also  variable  in  thickness  and  permeability, 
but  Ccin  generally  be  classified  as  less  water-productive  than  the 
upper  zone . 


3. 5. 2. 3  Deep  (Laurels  Hydrology.  The  only  recognized  potential 
water  zone  below,  the'  Louisville  Carbonate  at  the  site  is  a  zone 
within  the  Laurel  Dolomite.  There  is  relatively  little  known  about 
this  zone  since  it  lies  below  the  depth  of  interest  for  testing. 
Where  this  formation  was  penetrated  by  boreholes,  it  was  found 
that  it  is  located  about  15  feet  below  the  base  of  the  Waldron 
Shale  at  approximately  the  650  feet  depth  (as  encountered  in 
boreholes  CB-5  and  CB-6) .  The  fluid  conductivity /temperature 
geophysical  logs  do  not  demonstrate  significant  fluid  entry  from 
this  zone,  although  the  reservoir  properties  suggest  it  could  be 
a  water-bearing  strata  of  minor  to  intermediate  importance. 


3.6  HYDROLOGIC  MONITORING  . 

A  total  of  seven  piezometers  were  installed  in  1993  during 
construction  of  the  test  adit  by  the  WES  crew  at  boreholes  GWMH-4, 
GTB-1,  P-1,  P-2,  CS-5,  CS-6,  and  CS-7  to  monitor  the  water  table 
in  the  Louisville  Formation  Reservoir,  prior  to  and  during  the 
penetration  of  the  main  adit.  The  data  collected  provided  quick 
and  accurate  feedback  on  depletability,  drainage  profiles,  and  the 
pressure  drop  of  the  reservoir  as  the  main  adit  was  constructed, 
and  also  provided  the  means  necessary  to  determine  if  remedial 
steps  were  needed  to  be  implimented  so  that  the  saturation  of  the 
Carbonate  Formation  could  be  maintained  as  required  by  the  test 
parameters.  A . prof ile  of  a  typical  piezometer  installation  is 
shown  in  Figure  3-7  at  left,  and  the  locations  of  the  piezometers 
are  shown  in  Figure  3-8  on  the  next  page. 
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SECTION  4 


CONSTRUCTION  METHODS 


4.1  GENERAL  . 

A  Request  for  Proposals  (RFP),  Solicitation  No.  DACA27-92-R-003 
Underground  Technology  Program.  Test  Adit  Construction,  was  issued 
in  May,  1992  by  the  U.S.  Army  Engineer  District,  Louisville.  A 
total  of .  ten  proposals  were  received  in  June,  1992  and,  after 
evaluation  of  the  proposals,  a  contract  was  awarded  in  July,  1992 
to  W.L.  Hailey  &  Co.,  Inc.  of  Nashville,  Tennessee.  The  contract 
provided  for  a  one  year  construction  period  for  the  completion  of 
the  test  adit  and  all  appurtenant  features  of  the  permanent  work. 


The  contractor  began  mobilization  at  the  site  in  early  August, 
1992  and  completed  the  initial  site  work,  office  set  up,  and  site 
preparation,  on  October  20,  1992.  Portal  construction  commenced 
on  October  13,  1992,  with  the  clearing  of  the  portal  area  and  the 
backfill  of  the  structure  was  completed  on  December  23,  1992. 
Tunnel  excavation  commenced  on  December  28,  1992,  and  progressed 
to  Station  18+54  on  June  25,  1993,  at  which  time  methane  gas  was 
encountered  in  the  heading  and  the  tunnel  excavation  was  halted. 
Work  in  the  tunnel  resumed  on  November  8,  1993,  with  the 
installation  of  vent  line  hangers  in  the  main  adit.  The  gas 
collection  system  was  installed  between  November  15  to  November 
18,  1993  and  the  containment  plug  was  constructed  between  November 
22,  1993  and  February  28,  1994.  The  test  adit  was  excavated 
concurrently  with  the  containment  plug  construction  between 
November  22,  1993,  and  February  11,  1994.  The  balance  of  the 
contract  work,  electrical,  mechanical,  invert  placement,  shotcrete 
lining  and  final  tunnel  clean  up  was  performed  from  March  1,  1994 
through  May  7,  1994. 


4.2  PORTAL  CONSTRUCTION  . 

The  portal  construction  involved  an  open  cut  excavation  of  both 
overburden  and  shale.  The  overburden  material  was  excavated  using 
a  dozer,  loader,  and  dump  trucks.  The  side  slopes  of  the 
overburden  excavation  were  laid  back,  thereby  eliminating  the  need 
for  the  support  of  excavation  structure.  The  shale  cut  was 
excavated  utilizing  drill  and  blast  methods  to  break  the  rock,  and 
a  loader  and  dump  trucks  to  excavate  the  shot  rock.  The  side 
slopes  of  the  rock  cut  were  excavated  with  a  slight  outward  batter 
to  eliminate  the  need  for  any  rock  support. 
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After  completion  of  the  excavation,  the  steel  ribs  (W6x25s)  were 
installed  and  the  concrete  invert  poured.  The  6  inch  thick  wire 
reinforced  shotcrete  was  then,  placed  between  the  ribs  and  the 
structure  was  backfilled.  The  reinforced  concrete  U-Wall  structure 
was  built  by  normal  cast-in-place  methods  with  wood  forms . 


4.3  ADIT  EXCAVATION  , 

Tunneling  operations  commenced  on  December  28,  1992,  at  Station 
0+94  using  a  Voest-Alpine  Roadheader  to  mine  the  shale,  and  a  pair 
of  5  cubic  yard  Eimco  low  profile  mine  trucks  were  used  for  muck 
removal .  The  contractor  selected  this  type  of  equipment  for 
excavating  the  the  shales  because  it  provided  a  more  continuous 
mining  operation.  This  method  significantly  reduced 
over excavation,  and  eliminated  many  of  the  safety  hazards  that  are 
inherent  in  a  drill  and  blast  operation. 

Throughout  the  tunnel  excavation,  the  contractor  mined  the 
required  cross  section  with  minimal  variance,  and  maintained  line 
and  grade  well  within  tolerances .  The  roadheader  and  heading  crews 
limited  overexcavation  and  minimized  the  disturbance  to  the  rock 
beyond  design  line.  However,  the  actual  advance  rates  for  the 
roadheader  operation  never  approached  the  anticipated  rates .  The 
estimated  production  rates  for  the  roadheader  excavation  were  an 
average  of  15  linear  feet  of  advance  per  8  hour  shift  after  an 
initial  startup  period.  The  contractor  was  prepared  to  mine  two 
shifts  per  day  and  use  a  third  shift  to  install  ground  support  and 
tunnel  utilities,  as  well  as  maintain  the  mining • equipment .  In 
this  way,  he  had  planned  to  mine  and  support  an  average  of  30 
linear  feet  per  day,  or  150  linear  feet  of  tunnel  per  five  day 
work  week. 

In  the  period  from  December  28,  1992  to  June  25,  1993,  the 
contractor  worked  a  total  of  141  days  and  mined  1,7  60  linear  feet 
of  adit.  The  overall  average  for  this  period  was  12.5  feet  per  day 
and  67.7  feet  per  week.  There  were  only  six  weeks  in  which 
production  levels  exceeded  100  feet  per  week,  and  the  best  weekly 
production  was  165  feet.  At  left.  Figure  4-1,  provides  the  weekly 
advance  rates  for  the  first  twenty-six  weeks.  The  rates  for  the 
remainder  of  the  project  may  be  found  on  the  following  page.  Of 
the  total  141  day  project  duration,  the  contractor  was  able  to 
mine  on  89  days,  and  lost  a  total  of  52  days  for  the  following 
reasons:  13  days  were  spent  on  ground  support  installation;  12 
days  due  to  equipment  breakdowns;  12  days  for  concrete  operations 
on  the  invert;  8  days  for  ventilation  system  installation;  and  7 
days  due  to  inclement  weather. 

On  June  25,  19  93,  methane  gas  was  detected  in  the  tunnel  at 
Station  18+54.  The  quantity  and  duration  of  the  gas  entering  the 
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Figure  4-1.  Tunnel  Progress  Summary  (Chart  2  of  2), 
(Continued) . 
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tunnel  was  sufficient  to  require  that  the  tunnel  be  re-classified 
as  a  "gassy"  tunnel.  Mining  operations  were  discontinued  for  a 
period  of  23  weeks  while  alternate  plans  were  developed  to  deal 
with  the  gassy  conditions.  As  noted  in  Section  2.3.3,  Differing 
Site  Condition,  the  decision  was  made  to  terminate  the  main  adit 
at  Station  18+54,  seal  the  tunnel  with  a  gas  containment  plug  from 
Station  17+70  to  Station  18+00,  and  to  realign  the  test  adit  to 
remain  totally  within  the  New  Providence  Shale. 

The  test  adit  was  excavated  from  Station  C  0+06  to  C  5+24  during 
the  period  of  November  22,  1993  to  February  11,  1994  and  utilized 
the  same  equipment  and  methods  as  the  main  adit.  Unlike  the  main 
adit,  the  test  adit  was  excavated  essentially  on  a  single  shift 
basis,  four  days  per  week.  The  average  production  rate  for  the  518 
linear  feet  of  tunnel  was  13  feet  per  day  on  a  single  shift  basis, 
which  is  more  than  twice  the  advance  rate  achieved  in  the  main 
adit.  Figure  4-1,  Chart  2  of  2,  at  left  shows  the  weekly  advance 
rates  in  the  test  adit. 


4.4  GROUND  SUPPORT  . 

As  discussed  in  Section  2.2.5,  Ground  Support,  there  were  four 
types  of  ground  support  provided  for  the  contract,  with  the 
determination  of  which  type  to  employ,  made  in  the  field  as  the 
excavation  progressed.  As  anticipated,  the  New  Providence  Shale 
was  massive  and  competent,  and  required  very  little  direct  ground 
support.  A  total  of  six  steel  sets  were  installed  at  the  beginning 
of  the  adit  from  Station  0+94  to  Station  1+18.  A  total  of  twenty- 
two  rock  bolts  and  twelve  rock  dowels  were  installed  in  the  main 
adit  from  Station  1+22  to  Station  2+36.  The  permanent  support  for 
the  sump  bay  (Station  14+54)  and  transformer  bay  (Station  15+16) 
consisted  of  a  total  of  101  rock  bolts,  and  the  support  of  the 
adit  intersection  (Station  16+00)  consisted  of  seventy- two  rock 
dowels . 

The  only  area  of  the  main  adit  which  required  a  substantial  number 
of  rock  dowels  was  from  Station  16+56  to  Station  18+46.  In  this 
reach  of  the  tunnel,  the  New  Providence  Shale  had  a  tendency  to 
spall  and  ravel  at  crown  of  tunnel  when  the  heading  face  advanced 
two  tunnel  diameters  further.  As  the  excavation  progressed,  the 
New  Providence  Shale  became  more  organic  and  displayed  planar, 
thin,  lamination  layers  at  crown,  beginning  at  Station  15+02.  At 
approximately  Station  16+60,  spalling  of  rock  from  crown  started 
occurring  more  frequently,  and  the  size  of  the  spalled  rock 
fragments  increased  to  approximately  1  foot  wide  by  2  foot  long 
and  2  to  3  inches  thick.  Even  though  the  shale  formation  was  still 
massive  and  structurally  self-supporting,  the  spalling  posed  a 
safety  hazard  to  the  workmen  in  the  heading,  and  the  contractor 
was  directed  to  install  rock  dowels  from  Station  16+56  to  the 
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Table  4-1.  Summary  of  UTP-Permanent  Support  Utilized. 


ADIT  STATION 

TYPE  OF  SUPPORT  INSTALLED 

0+94  to  1+18 

Steel  ribs  (6  ea) 

1+22  to  1+33 

Spot  rock  dowels  (16  ea) 

1+45  to  1+51 

Spot  rock  bolts  (12  ea) 

2+32  to  2+36 

Spot  rock  bolts  (6  ea) 

5+68  to  5+80 

Spot  rock  bolts 

14+35  to  15+38  (Sump  Bay) 

Patterned  rock  bolts  (47  ea) 

14+93  to  15+38  (Transformer 

Bay) 

Patterned  rock  bolts  (57  ea) 

15+80  to  16+20  and  C  0+12  to  C 
0+21  (Intersection)' 

Patterned  rock  bolts  (72  ea  ) 

16+56  to  18+46 

Patterned  rock  bolts  (212  ea) 
(with  wire  mesh  from  17+58  to 
18+44) 
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face,  located  at  Station  17+35,  before  any  further  advance  of  the 
heading.  The  contractor  was  also  directed  to  have  rock  dowels 
installed  within  15  feet  of  the  face  at  all  times.  Therefore, 
patterned  rock  dowels  were  installed  from  Station  16+56  to  Station 
18+46.  Table  4-1  lists,  the  different  support  systems  used  and 
their  location  in  test  adit. 

All  rock  bolts  and  rock  dowels  were  fully  resin-encapsulated 
Number  8  threaded  rebar.  Grade  60  steel.  The  typical  bolt/dowel 
length  was  8  feet  except  for  a  number  of  10  foot  long  bolts  which 
were  used  at  the  sump  and  transformer  bays  and  at  the  adit 
intersection. 

While  the  adits  required  only  minimal  direct  ground  support  for 
safety  and  stability,  the  New  Providence  Shale  did  require  a 
shotcrete  lining  to  permanently  seal  the  excavated  surface  to 
prevent  long-term  deterioration  of  the  shale  due  to  air  slaking. 
A  nominal  2-inch  thickness  of  shotcrete  was  applied  throughout _ the 
entire  length  of  both  the  main  and  test  adits,  and  a  4  inch 
thickness  was  applied  to  the  intersection  area  of  the  two  adits. 


4 . 5  GROUNDWATER  OCCURRENCES  . 

The  only  measurable  water  inflow  encountered  during  tunneling  was 
at  the  top  of  the  New  Albany  Shale  at  Station  18+50.  While  the 
water  inflow,  estimated  at  less  than  5  gpm,  presented  no  problem 
to  the  excavation,  the  water  was  accompanied  by  methane  gas.  The 
imoact  of  the  methane  gas  is  discussed  in  detail  in  Section  2.3.3, 
Differing  Site  Condition. 
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SECTION  5 


TUNNEL  INSTRUMENTATION 


5 . 1  TAPE  EXTENSOMETERS  • 

A  total  of  six  sets  (four  points  each)  of  convergence  points  were 
provided  in  the  bid  schedule.  These  convergence  points  were  to  be 
installed  as  needed  in  the  main  and  calibration  adits  to  monitor 
movements  of  the  tunnel  lining  in  areas  where  the  geological 
conditions  warranted.  Due  to  the  massive  nature  of  the  New 
Providence  Shale,  only  one  set  was  required,  and  the  instrument 
was  installed  in  the  main  adit  at  Station  1+20  to  monitor  any 
movement  close  to  the  portal.  A  total  of  four  readings  were  taken 
in  the  period  from  February  3,  to  February  8,  1993  .  The  data 
obtained  from  these  readings  indicated  that  the  movements  were 
negligible  and  stabilized  quickly. 


5.2  SINGLE  POINT  BOREHOLE  EXTENSOMETERS  . 

None  of  the  six  sets  of  Single  Point  Borehole  Extensometers 
( SPBXs )  that  were  provided  for  in  the  contract  were  required  in 
the  New  Providence  Shale,  and  none  were  installed. 
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.  BORING  NO. 

Prolact _ _ 

DataiStart  /  /  CempMB  /  / 


ORL  FORM  1^ 
1  JUIM  1988 


SYMBOLS: 


ORL  FORM  1202 
1  JUIM  1988 


WATER  LEVEL  AT  COMPLETION 
WATER  LEVEL _ HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRia  FLUID 


■J^-OfILs  A-43 


BORING  NO. 


SYMBOLS:  2  WATER  LEVEL  AT  COMPLETION  >  .  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEL _ HOURS  AFTER  COMPLETION  >>  -  TOTAL  LOSS  OF  DRILL  FLUID 


SHEETS  OF  BORING  MO-  cf  -r 


BORING  NO. 


Project _ 77/ 

DetaiStart  JJ 

Location  Al__ _ 

DrOling  Agency 

Drilier _ h 

Drill  Type _ 

Drill  Method _ 

Thickneae  of  0\mburdet 
Depth  Drilled  into  Rodt. 
TotaJ  Depth  of  Baring  _ 
Dir.  of  Boring  Vert 


Comphta. 


inapector. 


Inatrwnentation  Installed^ 
Surface  Bevnrian 
Datum  for  Surface  BL _ 


iissi 

if:g| 

mi 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS: 


ORL  FORM  1202 
1  June  1988 


WATER  LEVEL  AT  OOMPLEHON 
WATER  LEVEL _ HOURS  AFTH1  OOMPLEHON 


>  -  PARTIAL  LOSS  OP  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 


SHEET^OFii.:  A-45 


BORING  NO. 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ,,  ^ 

1  Jun«  1988  SHEET  JL  OF  2l  SHI  A-40 


BORING  NO. 


Prol9Ct _ U 

Dat9:$tart  /  / 

Location  N _ 

DriiSng  Agancy _ 

Drmr _ h 

DrW  Type _ 

Dm  Method _ 

Thicknasa  of  Omturdai 
Depth  DrSled  into  Rock^ 
Total  Depth  of  BoHng 
Dir.  of  Boring  VmrL 


Compiete, 


Inspector 


Instrumentation  Instalk 

Surface  Bmmtlon  ^ _ 

Datum  for  Surface  B, _ 


SYMBOLS:  V-  WATER  LEVEL  AT  COMPLEnON 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  « «  A 

1  June  1988  SHEET  JL  OF^  S  A-47 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRia  FLUID 


BORING  NO. 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLERON 

ORL  FORM  1202  ^ 

lJuna  1988  SHEET  OF  i?  Si-  A-W 


>  -  PARTIAL  LOSS  OF  DRia  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


BORING  NO. 


■r-r 


BORING  NO. 

flfO/BCf _ ka-L 

amt».-Stmrt  /  /  Ct 

LoeaHon  w 
DriWng  Aipua/ 

Drat  Typn _ 

Drat  Method. _ 

Thiolmess  of  Ovotburdon^ 
Depth  DtBM  into  haek 
Total  Depth  of  aetinp 
Dir.  of  a«v*v  V"it-  ^ 


SYMBOLS:  V  WATER  LEVEL  AT  COMPtjmON 

▼-  WATER  LEVEL _ HObRS  AFTER  COMPLETION 

ORL  FORM  1202  _  ,  37  A.W1 

1  Jun«  1988  SHEET  jH.  OF  zL 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


BORING  NO. 


BORING  NO. 


Pro/tet  /J 

DatB:Start  /  / 

Location  N _ 

DriUlng  Aganoy 

Driller _ In 

Drill  Type _ 

Drill  Method _ 

Thickness  of  Orntrurden. 
Depth  DrOed  Into  AodL- 
Tots!  Depth  of  Barktg 
Dir.  0/  Borbig  Vert 


Ccmpleta. 


Inspector , 


Instrumentallon  InstalletL 

Surteoe  Elevation _ 

Datum  for  Surface  B _ 


mcOnen  Deg 


UBORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL  __  HOURS  AFTER  COMPLETION 
ORLFORM1202  .  )->  A  R1 

1  June  1988  SHEET  J2.  OF  ii.  L  ' 


>  -  PARTIAL  LOSS  OF  DRia  FLUID 
»-  TOTAL  LOSS  OF  DRILL  FLUID 

BORING  WO. 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 


ORL  FORM  1202 
1  June  1968 


SHEET  ^  OF  A-52 


BORING  NO._aj-£. 


BORING 


NO. 

_ CompMa, 


Project _ (fr  , 

Daim:Stmrt  /  /  CompM 

Location  N _ £« 

DrilUng  Agency 

DrWer _ Inspector. 

DrBI  Type _ 

Drill  Method, _ 

Thickness  of  0\mrbtmimn 
Depth  DrBled  Into  /?odt__^ 
Total  Depth  of  Bnring 
Dir.  of  Boring  Vmrt  _ In 


JneSned  Dog 


Instrumentation  InsU 
Surface  Bmratlon 
Datum  for  Surface  6L 


s  11 

B  til  S  E| 

S  a!  g  P 


LABORATORY  RESULTS 
AND 

REMARKS 


B  uf  ^  5  O 

»  %  &  S  S 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

▼“  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  2  2 

1  June  1968  SHEET  ifL  OF  S. 


•  PARTIAL  LOSS  OF  DRILL  FLUID 
TOTAL  LOSS  OF  DRia  FLUID 


BORING  NO. 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLEHON 

WATER  LEVEL _ HOURS  AFTER  COMPLEnON 

OHL  FORM  1202  ,  ^ 

1  Juna  1988  SHEET _MOF^  SH  ^  ^ 


ORL  FORM  1202 
1  Jura  1988 


SHET IL  OF  23. 


BORING  NO.  ^-r-r 


BORING  NO. 


Pmtoet  _  _  i 

DatB:Stan  /  / 
Location  N 
Drilling  Aganey 

DtiUer _ l 

Drill  TVofl 

DrSI  Method _ 

Thhkn&sa  of  Overturdm 
Depth  DrSled  Into  Rock^ 
Total  Depth  of  Boring 
Dir,  of  Borinp—  Vart 


,  Completa , 


Instrumantahon  Installed^ 

Surtaoa  Bmration _ 

Datum  tor  Surface  B, _ 


SYMBOLS:  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLEnON 

ORL  PORM  1202  _  y  y  y  y 

1  Jun«  1988  SHEET  AA  OF  Al.  SH 


SHEET^OFii  SH_A"56  BORING  NO. 


>  -  PARTIAL  LOSS  OF  DRia  FLUID 
»  -  TOTAL  LOSS  OF  ORIU  FLUID 


CT-f. 


ORt  FORM  1202 
1  June  1938 


SHEET  23.  OF  32  A-57 


BORING  NO. 


Cf-S- 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEL _ HOURS  AFTER  COMPLETION  >  >  -  TOTAL  LOSS  OF  DRILL  FLUID 


SHEET  Mae  a  s  BORING  NO._^£i£. 


Dafa-St»ft  /  /  Compk 

Location  N _ £. 

Drilling  A^mncy 

Drillaf _ Inspector 

Drill  Type _ 

Drill  Method _ 

Thickness  of  OsmfhurHmn 
Depth  Drilled  kito  Aodt__ 
Total  Depth  of  SnHng 
Dir.  of  Boring _ Vert  J 


SOU.  CLASStnCATlON 


SURFACE  COVER 


Instnmmntation  Inst 

Surface  Beyatlon _ 

Datum  for  Surface  B. 


o  s  gg 

figsi 

Q  CL  &  S  3 

I  551 

£  CO  CD  S 


S  S  a 


LABORATORY  RESULTS 
AND 

REMARKS 


///fy  V0f 
^yr/Tr, 


M  Ji 

^Cfft  J'/ A 

. 

^Bf0tw\  Wtt  h 

^ciAr 

■^/^czAr 


A’/lt^y  f^a/c  J 
ffrfUtA  ffUcJt 

TIitA  /<r^/  f^fr Yc 

/WV.  Htn  ty^ 

*  ••♦If* 

*  S^^ten 


SYMBOLS: 

ORL  FORM  1202 
1  June  19M 


WATER  LEVEL  AT  COMPLETION 
WATER  LEVEL _ HOURS  AFTER  COMPLETION 


Caac/  lAf 
ficc  ift' 

Lsf/  a.0 ' 

Ti'tn  < 

/cnA'  /7'fia 

Wtttt/  Orfifh 

Um/»k 

/ 

-?7iV  2.J3/7 

z  *ir0  yjj. 

'iflA  i  Hfi- 

1y^A<r‘  At  imf*  /f*7p 
/?H/»  /  Run  £ 

Lffif  4 1  tr'MAttr 

SAuA  Tfffi 


^orttT  /Pf3 

Rrc 

lArd 

'Aafs 

7/L 

t 

/AiP0 

■OtflfA 

£/fn 

3 

yy^Z 

ZfzX 

iia 

zPiti' 

y 

•7UJ 

•rny 

ZAh7 

SHEET  2£.  OF  13.  L. 


>  -  PARTIAL  LOSS  OF  ORIU  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 

BORING  MO. 


BORING  NO. 


cf-r 


Project _ 

DateiStart  /  / 

LoGStion  N _ 

Drilling  Agency _ 

Driller _ h 

DriU  Type _ 

Drill  Method _ 

Thlcknees  of  Omturdet 
Depth  Drtted  ktto  RogIl^ 
Total  Depth  of  Boring  _ 
Dir.  of  Boring  Vmrt 


Completa, 


Inepector . 


Instrumentation  i 
Surface 
Datum  for  Surtaoe 


son.  CLASSIFICATION 


SURFACE  CO^nER 


LABORATORY  RESULTS 
AND 

REMARKS 


-T’t 


JhfK/i  ^ 

Ti" 


■  ry, 

B4AX 

.S'fy  L  Imti  He  Ta 

J IP 

.JU  AJfi 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPUETION 

▼-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  3-,  A.60 

1  June  1988-  SHEET  OF  tL  SI 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
>  >  -  TOTAL  LOSS  OF  DRia  FLUID 

BORING  MO. 


BORING  NO. 


Prolect _ 

DBt9:Stan  y  / 

Locatidn  N _ 

DriWng  Agoney  _ 

Drmr _ It 

DriO  Typa 

DrffI  Method. _ 

Thickness  of  Omturdei 
Depth  DrOled  Into  Rock^ 
Totel  Depth  of  Boring 
Dir,  of  BoHng  Vert 


Complete. 


Inspector. 


son.  CLASSffICATION 


SURFACE  COVER 


f /fi 


Llntf  y  ^ 

^  l/j/l  '/yy  ^^///  ^ 
Ba/tyy^ 


fitted 


•  SHUskU^xArR 
SH  1^^4*410.^  B/P 


SYMBOLS: 

ORt  FORM  1202 
1  June  1988 


WATER  LEVEL  AT  COMPLEHON 

WATER  LEVEL _ HOURS  AFTER  COMPLEHON 


SHEET  AZ OF  _2i 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRia  FLUID 

BORING  NO. 


BOfflNG  NO. 


IL 

Dat9:Start  /  / 
Location  ^ 

Drimng  agmney 

Dfmr _  A 

OrfB  7ypa 

Dm  Method _ 

Thicknasa  of  Ovarburdei 
Depth  DriOed  Into  Rock^ 
Total  Depth  of  Boring  _  _ 
Dir.  of  Boring  Vmit 


Compkte. 


inspector. 


SOIL  CLASSOFICATION 
SURFACE  COVER 

sk  ✓  UAc-zs’f.^ 


instnmentatfon  Ir 
Surface  Elevation^ 
Datum  forSurtace  i 


s  i 

m  ^ 


&  U  S  5u 


O  S  HI  o 

i  al°!c 

&  z  w  w  % 


0  •  I  s  a  I  i 

§  I  §1111 

3  n  s  «  CO  S  o 


LABORATORY  RESULTS 
AND 

REMARKS 


'far  cart 


Altai 

^Z4U  fJ*A 

’S^  rru.iitAt 

-Btfi  OfiXA 

^/V<ry 

—  /S’feC^  /f2.0  ' 

—  6/Z 


fl»A  7 

CtAcJ  3 ' 

Ztec.  ZZfJ^ 

LaH  OtO  ' 

TUc  n-'iO' 

itr-  /te'^AA  3  /?r- 


J - (S*T+ 

^  S ft  ZjAl/Aft,  '.fiAr-tt/fi 

^hU>AiAAt8Z/' 

•O/nn  l/.fr iAAtTfA/i 


O.i'a/' fpre  ^AfeS^>2‘‘ 


Cfitl,AAtf»A  *8/f 
•J»L.mJAAt  i/B 
'-'Stt 

-5 _ ffyy  ^  fifAmf  Zz/aia 

m3' 

^^2aai/aaa,  Bjfi 

>3fy 

"Z'trZAAitAA  t  B/fi 
—  if.j  iaa/  Xrli/ 

.itn.  -CtiAAA^y  d/B 


■iA/mt/,A  B/fl 


-/BteJB'tA 


mML^r/tLtmZ.4  4  6//> 

^!i^IEELshla4au.a  e/B 


SYMBOLS:  ^  WATEH  LEVEL  AT  COMPLEHON 

▼-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ,c-  „  A_e*5 

UunelSSS  SHEET  i^OF  XL  SH  A-O^ 


Burt  f' 

ZAACt//ff.d' 

Re<.  /0,fi' 

Lai}  OfB 

T/ah  /r/^r-zr/yz 


Bh  Za^  SfitA  ^AAt  S’Zi-. 

^AS  Z  a//  aZa///  m^A/YA 
Paa  A.esZA’fGoAfAy 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


BORING  NO. 


SYMBOLS: 

ORL  FORM  1202 
1  June  1988 


WATCR  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLEHON 


SHEET  OF  iZi 


>  -  PARTIAL  LOSS  OF  DRia  FLUID 
»  •  TOTAL  LOSS  OF  DRIU  FLUID 

BORING  MO.  - 


BORING  NO. 


■f-r 


PmjBGt  "'f 

/  / _ 

Location 

DrBOng  Agoncy _ 

DrWar _ U 

Drill  Type _ 

Dra  Method _ 

TTitoAnass  of  Ombutdat 
Depth  D/tted  Into  Roek^ 
Total  Depth  of  Boring.^ 
Dir.  of  Bering  Va/t 


Complete. 


Inapeour. 


Inaoumentation  h 
Suriace  BrnmUon^ 
Deem  torSurtaoe 


son.  CLASStnCATWN 


SURFACE  COVER 


5  u  Q  E 

=  ^25 

*  p  g 


laboratory  results 

AND 

REMARKS 


am 


n  S if LtAittit  §/t 


■Siy 

.iMLdmU»*riiP 

Sft-UriU** 

‘/Otcl  (^<0 


.SffO,p/' 

Jiy 

•  fettA  ^*9 
Siid,0/' 

‘Tfy 

— I—  s  Mla^kUte  d//> 


iye/it  f 

ito,ai 

f/fA.yZ 

mni 

/»y 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLEHON 

WATER  LEVEL _ HOURS  AFTER  COMPLEHON 

ORL  FORM  1202  ,  _  7.,  JT  A-€4 

1  June  19S8  SHEET  2£.  OF  11.  SK_l:I”^ 


fine  // 

/fee  /0J 
Latf 

7/'tri  t 


>- PARTIAL  LOSS  OF  ORia  FLUID 
»  •  TOTAL  LOSS  OF  ORia  FLUID 


SHEET  OF £1  BORING  NO- 


l.l-A.t  A  iJ. 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

T-  WATER  LEVEL _ HOURS  AFTER  COMPLERON  »  -  TOTAL  LOSS  OF  DRILL  FLUID 


ORL  FORM  1202 
1  June  198S 


SHEET iZ.  OF li 


BORING  NO. 


^r-jT 


BORING  NO. 

Profact _ ^ '  7*^ 

nmtm-stmrt  /  /  ComolaM . 


Project _ fr  '  f  ~ _ 

natm-start  /  /  CamaM 
Location  n 
DrMng  aganry 

DrWar _ Inspector. 

DrBI  7yp» 

Dra  Method. _ 

Thickness  cl  Overburden _ 

Depth  DriOed  Into  Rock _ 

Total  Depth  /rf  flarinp 

Dir.  at  Vert _ M 


imTuza 


Instnmmntatton  It 
Surface 
Datum  for  Surt9P9 


son.  cussncATioN 


SURFACE  COVER 


:7>.l2£,tV 

y  /tits/ 


LABORATORY  RESULTS 
AMO 

REMARKS 


yra/irZ/trin 


tl« 

Less  d.P 

JfJPS 

H^m/rr/  O^afA 

7y^ 

/£> 

Izfr 

Z|^ 

72tc 

H 

<'i6.6 

74/ 

11. 

7^ 

j3 

./W  •a/Ua/c 

f/tP^Z  '  Iryffi 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETKDN 

▼-  WATER  LEVEL  _ _ HOURS  AFTER  COMPLETION 

OHL  FORM  1202  ,  ,  ,  ,  A-66 

1  Juna  1988  SHEET  3lL  OF  iZ  SH_f?r®® 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»-  TOTAL  LOSS  OF  DRILL  FLUID 

BORING  MO. 


SYMBOLS:  V  WATCR  ^EL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRIU  FLUID 

▼“  WATER  LEVEI - HOURS  AFTER  COMPLETION  >>  -  TOTAL  LOSS  OF  DRILL  FLUID 


ORL  FORM  1202 
1  June  1988 


SHEET 


BORING  MO. 


A-68 


BORINfl  NO. 


Compm 


Instrumentation 


oatum  for  Surfaoe  B, 


o 

i  i 

i  S 

3  : 


sou.  CLASSmCATIdN 


_ SURFACE  COVER 


'•  “  ■»&  /Htt/ f'um 


°  B  i 

0,  ar  * 

s  ^  ^ 

>  Q  & 

Q  S  9 


S  §  8  I 
S  ^  S  I 


LABORATORY  RESULTS 
AND 


.— J f  lit  ( _ 

J--.  ^/-Wr/f /f^ 

,  ■  ^ey/a/n  SYi-fi^ 

/7",W 

7^  (iif- 


///^  / 


3  r/' 

Ty^r,  ^  2 7^ 


^^*f)fec/7)A,7/  r/^f 

•^(f  Tgy  21^ 

/7 X  /a  ^ 

z/2.<r' 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLEHON 
^  WATER  LEVEJ - HOURS  AFT¥ 


ORL  FORM  1202 
1  June  1088 


WATER  LEVEJ - HOURS  AFTB1  COMPLETION 

SHEET^  OF  -??St  A-69 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


BORING  NO.  ^ 


BOBINQ  NO. 


Protect  _ _ feLZ 

DatKStart  /  / _ 

Location  a/  - ' 

DriWng 

DrOhr _ !i 

Dra  Typg 

Drill  Mathodi _ 

Thicknass  of  Ovarburdai 
Dapth  DrOad  Into  Rock^ 
Total  Dapth  of  Bating 
Dir.  of  BoHng  Vmrt 


Complata . 


Inspactor . 


btatrumantation  i 
Suriaoa 
Datum  tor  Suriaoa 


I  * 

s  s 

i 

8  § 


UaORATORY  HESULTS 
AND 

RayURKS 


SYMBOLS:  V’  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTBI  COMPLERON 

ORL  FORM  1202  *  37  A.'Tn 

1  JuiM  19M  SHEETS  OF IL  SHE  A-/U 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


ilsHE  A-70  BORING  MO. 


BORING  NO 


instrummmton  InstaUed 


Dat»:Start  /  /  CompM 

Location  N  _ £ _ 

Drilling  Agency^ _ 

DriOar 

Drill  Type_ _ _ 

Mathod_ 

Thicknaas  of  Ovarturrian _ 

Dapth  DriBad  into  RocK _ 

Totai  Dapth  of  Borina 
Dir.  of  Boring^^_^Vart 


Datm  for  Suriaoa  B. 


SOIL  CLASSIFICATION 


SURFACE  COVER 


LABORATORY  RESULTS 
AND 

REMARKS 


frH'  7^  /fit/  //^r// 


\crm 


SYMBOLS: 

▼- 

ORL  FORM  1202 
1  Juiw  1988 


WATER  LEVEL  AT  COMPLETION 
WATER  LEVEl - HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


— — ✓’4^-  *wir»k  Vi^r  Ul 

SHEET  J_0Fli  s  A:71  BORING  NO.  XJl 


BORING  NO. 


DaimiStart _ /  / 

Location  N _ 

DfWJng  Agency _ 

Drilier _ ii 

LrtO  TvDa_. 

Dra  Method _ 

Thicknesa  of  Owtxtrdei 
Depth  Drtted  Jnto  RodL, 
Total  Depth  of  Boring_ 
Dfr,  of  Baring  Vert. 


Comptete, 


Instrumentation  insta 

Surtece  Bmmrian 

Datum  for  Surtece 


<  o 

S  S  o 

E  4  a 

S  c  i 

S”  HI  > 

“•  £ 

S  > 
«  *  o 


5  C  4 

lu  z  i 

fi  til  P  P 

2  S:  «  < 

z  w  w  S 

!!i!!ii§ 

6  alSia 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  V*  WATER  LEVEL  AT  COMPLEHON 

▼-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  a/  ,  A  TO 

1  June  1988  SHEET  'L  OF  ?  i  SHF_^ 


SHEBr_21oFllsHE_^"^  BORING  NO. 


>  -  PARTIAL  LOSS  OF  OHia  FLUID 
»-  TOTAL  LOSS  OF  DRILL  FLUID 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ^  ~ 

1  June  198S  SHEET  J  OF  ??  SI  A-73 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRia  FLUID 

BORING  MO.  a-i 


SYMBOLS:  ^  WATER  LEVB.  AT  COMPLETION  \  .  PARTIAL  LOSS  OF  DRILL  FLUID 

T-  WATER  LEVEL - HOURS  AFTER  COMPLETION  >  >  -  TOTAL  LOSS  OF  DRia  FLUID 


SHEET  _L  OF il  shl_a-74  BORING  NO- 


BORING  NO. 


Project _ ^  /r 

DalarSimrt  /  / 

Location  w 

Drilling  Agency _ 

OnWar _ In 

Orel  Type _ 

Drill  Methori. _ 

TNckneas  tt  Overturden. 
Depth  DrOed  Into  Aoc/L_ 
Total  Depth  d  Borlnp 
Dir.  of  Boring  Vart. 


CotnpMe. 


UlSp&CtOf . 


Instrumentation  Inata 
Surface  Beuahon 
Datum  for  Surface  S._ 


UBORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  2  WATER  LEVEL  AT  COMPLETION 

▼-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  »  , ,  A  7C 

1  JUM  1988  SHEET  OF  JJ.  S  « 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 


BORING  NO. 


BORING 


NO.  . 

TA 


/ir-^ 


SYMBOLS:  V-  WATER  LEVEL  AT  COMPLETION 

T-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ,  r,  A  TC 

Uum  1988  SHEET  OF  iZ  SHI  A-7o 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 


BORING  NO. 


BORING 


NO- 

_ 

_ CompM». 


_ if!  (  1.1  _ 

Daim;SM - /_J  Comply 

Location  H _ £« 

DrWing  Agency _ 

DrUier _ _ _ inspector, 

DfW  Type _ 

DrSl  Method _ 

Thickness  of  Oyerburden _ 

Depth  DrOied  into  Rock _ 

Totai  Depth  of  Boring _ 

Dir.  of  Baring  Vert  _ In 


instrumentation  insu 

Surfaoe  Bevatkm _ 

Datum  for  Surfaoe  H.. 


tt  tti  Q  u 

5  &  ®  5 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLERON 

▼-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ^  a  -77 

1  June  1986  SHEET  JL  OF  22  S  ^  ^ 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


BORING  NO. 


SYMBOLS: 


^  WATER  LEVEL  AT  COMPLETJON 


WATER  LEVEL 


ORL  FORM  1202 
1  June  1968 


HOURS  AFTER  COMPLEnON 
SHEET  OF  iJ  .SHI  A-78 


>  -  PARHAL  LOSS  OF  ORIU  FLUID 
»•  TOTAL  LOSS  OF  DRILL  FLUID 

BORING  MO.  ^  ^ 


■  BORING  NO.  c<r-(i 

Pn^aet _ _ 

QaM-Sfwf  /  /  Compl»» _ L-L 


SYMBOLS:  ^  WATBI  LEVEL  AT  COMPLETION  >  •  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEL _ HOURS  AFTER  COMPLETION  »  -  TOTAL  LOSS  OF  DRILL  FLUID 


ORL  FORM  1202 
1  June  1968 


SHEETS  OF  _i2  SI- 


BORING  NO.  rr  ^ 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEL - HOURS  AFTER  COMPLETION  >>  -  TOTAL  LOSS  OF  DRILL  FLUID 


SHEET  OF  H  BORING  NO-  - 


IfUKING  NO.  _ i 

Prolect _ T,A _ 

/  /  CompletB . 

Location  n  _ £ _ 

Drilling  Agency _ 

Driller _ Inapector 

Drill  Type _ 

DrW  AfatfKxC _ 

Thickness  of  Overturden _ 

Depth  Drilled  Mo  Rock _ 

Total  Depth  tri  Bnring 

Dir.  of  Boring  Vart  bid 


Instrumentation  InstaUed^ 
Surface  Bmmtkm 
Datum  for  Surtiae  B _ 


i  S 

I  ^ 

CO 

3  . 
§  I 

3  m 


||S| 
Si  9  3 


LABORATORY  RESULTS 
AND 


SYMBOLS: 


ORL  FORM  1202 
1  June  1988 


WATER  LEVS.  AT  COMPLETION 
WATER  LEVEL _ HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 


SHEETS  OF ii  5  A-81 


BORING  NO.  £1: 


BORING  NO. 


Prol9Gt  ^^7 '  / 

DaimrStart.  /  / 
Location 
Drilling  Apaney 

Drmr _ h 

Drill  Typo _ 

Drill  Umthnd. 

Thickness  of  Omturdm 
Depth  DrOed  into  Rock^ 

Total  Depth  of  Boring _ 

Dir.  of  Bofttg  Vmrt 


Compieta. 


Inspector . 


Instnanentatlon  Insti 

Surface  Bmmhnn _ 

Datum  tor  Surface  fiL 


mmm 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202 

1Jun«  1988  SHEET  OF  SHE 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  ORIU  FLUID 

BORING  NO._£Zz^_ 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLEnON 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 


ORL  FORM  1202 
1  June  1088 


SHEET  ZL  OF  £2 


BORING  MO.  cr-e 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

T-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

OHL  FORM  1202  ..  A.^ 

1  Jun*  1988  SHEET  JL.  OF  22.  SHE-fj^" 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRia  FLUID 

BORING  NO.^ah£__ 


BORING  NO.  _ 


SYMBOLS: 


ORL  FORM  1202 
1  June  1988 


WATER  LEVEL  AT  COMPLETION 
WATER  LEVEL _ HOURS  AFTER  COMPLETION 


SHEET  ZZ.  OF  J£  S. 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 

BORING  NO. 


SYMBOLS: 


ORL  FORM  1202 
1  Jura  1988 


WATER  LEVEL  AT  COMPLETION 
WATER  LEVEL _ HOURS  AFTER  COMPLETION 


•  PARTIAL  LOSS  OF  DRILL  FLUID 
TOTAL  LOSS  OF  DRILL  FLUID 


SHEET  ZL  OF il  SHE. A-86  BORING  NO. 


BORING  NO. 


Project _ 

DatKStart  /  / 

Location  H _ 

DrOOng  Agency _ 

Drillmr  -  h 

Drill  Type _ 

Drill  Method _ 

Thickness  of  Omttffdei 
Depth  DrSled  Into  AodL. 
Total  Depth  of  Boring 
Dir.  of  florinp—  Vmrt 


Complete. 


Instnonentation  Installed^ 

Surface  Bevatlon _ 

Datum  for  Surface  B. _ 


SYMBOLS:  V  WATER  LEVEL  AT  COMPi^ON 

▼"  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  A-ir7 

1  Jun«  loaa  SHEET  ZL  OF  iz.  S.  ' 


•  PARTIAL  LOSS  OF  DR'..L  FLUID 
TOTAL  LO^  OF  DRILL  FLUID 


BORING  NO. 


SYMBOLS: 

ORL  FORM  1202 
1  June  1988 


WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
>>  -  TOTAL  LOSS  OF  DRIU  auID 


SHEET  i^OF  21 


BORING  NO. 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVB. _ HOURS  AFTER  COMPLEHON  >  >  .  TOTAL  LOSS  OF  DRILL  FLUID 


SHEET 2J. OF l£sH_^r^  BORING  NO-  /'f-C 


BORING  NO. 


f^rojKX  /4i  If 

Dala:Start  /  / 

Location  N, _ 

DriUing  Agency _ 

DrBhr _ / 

Drtt  Type _ 

Drill  Method _ 

Thicknese  of  Overburdm 
Depth  Drilled  Into  HodL. 
Total  Depth  of  Boring 
Dir,  of  Boring  Vari. 


Complete, 


Inspector . 


Instrumentation  Insti 

Surface  Bavatlon _ 

Datum  for  Surface  0.. 


gS 

I 

K  *  ^  S  5 
§  a  a  2  § 

O  fc  & 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

▼“  WATER  LEVEL  _  HOURS  AFTER  COMPLETION 
ORL  FORM  1202  ^ 

1  June  1968  SHEET  ^  OF  3^  A-91 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  ORIU  FLUID 


BORING  NO. 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEL _ HOURS  AFTER  COMPLEHON  >  >  -  TOTAL  LOSS  OF  DRia  FLUID 


SHEET OF  12  sh.A:92  BORING  NO. 


.1-ji.j  1 1 


BORING  NO.  _ 

Pro/Mf* _ _ 

nmtarShirt  /  /  Campimta 

tjocalfon  AL_^ _ £ _ 

DriUng  Aganay 

Driller _ Inspector 

Drill  Type _ 

DriU  Method. _ 

Thlclaieas  of  dumitumtan 

Depth  Drilled  Into  Rodi _ 

Total  Depth  of  Baring 

Dir.  of  Boring  Vert  IneB 


Instrumentation  Inatt 
Surface  Bevarion 
Datum  for  Surface  B.. 


?  S  9  S 

I  Sill 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ,,  a-  A-CW 

1  JUM  1988  SHEET  Zz.  OF  H  w.'TL’r 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 

BORING  NO-  r 


BORING  NO. 


Pm  fact  // 1  / 

DBtBZStBTt  /  / 

Location  N _ 

Drilling  Agmney 

DrSler _ h 

DrSI  Typa 

Drill  Method _ 

Thtokness  of  Owburdet 
Depth  Drilled  Into  Rock^ 
Total  Depth  of  Boring 
Dir.  of  Boring _  Vert 


CompMe, 


Inapector « 


Inatrumentatlon  It 
Surface  Elevation^ 
Datum  for  Surface 


s 

S  o 
^  S 


zra 

a: 

I  i>»y 

«  *  ^  g  I 

Ul  ttl  111  S  @ 


LABORATORY  RESULTS 
AND 

REMARICS 


SOIL  CLASSIFICATION 


SURFACE  COVER 


2  g  «  *pgi 
s  S  g  g!!ii§ 

3  m  c  2 


•M/e 


^/hui 

Orr  fjQ. 


rUs^^Z 

Z^/h(t4 
SUu^;^^  t 

^M/C^ 

144!  im  t 

^Ls  Lrmm/r. 


t  LtAfrf  4ttt/ 

-  MC4^. 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLEHON 

▼-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ..  A-94 

1  June  1966  SHEET  ZL  OF  ^  SKJLlw 


X^y  22  € 

Pcfii^  f^dJ' 

£^<i'  2/17' 

Pka  / 

7X/' 

Lasf  dfp  ' 

77m  e  fnT-  7:?// 

h/*rt2 

S*m/t/c  ^/fy 

fdZT  2/^ 

I .  roi'7  20/-  ^ 

;  2^ 
fT/l  2!!>‘77 

2  ?£ZJ  2^X11^ 

for.r  2o‘^-o 

*-/ 

'  '2df>2 

/dd 


nuA  Z 

Pre  l^frd,d' 

Tlm<  ///2^-/W^ 

JWaff/ 

ft/nfi  /f  P'f/i  77i  c  /rt' 

./^o  ry//, 

£  r/ff  7  /  ?(fv/ 


nt*A  3  Ca  re/f  {/O 
Re<.7,0  2»i}Otd 


l4^4r/2  ^ 

4  Otfi^  £/ftd 

r  r/ra:  /f^J: 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
>>-  TOTAL  LOSS  OF  DRILL  FLUID 


BORING  NO. 


BORING  NO 


SOIL  CLASSIFICATION 


SURFACE  COVER 


Limxt  7aa  7^ 

"  Plec/i  f^AAst  f 

— 


'f^A/ry 


^ —  a/y'^pn 

I - t^ff/^e'^fz 


I  .s 

i  ill 
slit 

s  i  3^ 

»  K  mm 


LABORATORY  RESULTS 
AND 


'7rA£A 

'y/r 

L/AACil^At 

PrOAf  it  /  // 
A£*  P  ybA^  f  Ay/ /“  A  "V/'  ■/ 

pAr  JyyfprritfAi^'yP 
L/thrf  yjM't 


Potrfr /^,/ 

Pcc 

io<<  o.cy 

Z'aix.  /7.v^ 


‘  fi^<A  4  6^€p 
Lfm/AAt 
-  fJt  l^m/AA  c 

^  AAtt^  ^ 


/yfP  ^  fitter  A 


6-eA 


•.  yfiuA 


A<c/A/ 

C^ffi 

77^  A  f^;  3P  -  f:i?p 

ryoPr///rBt.rAAfP/it 

f Ptrf  aP  tp/\ 

fV%  rt  PyrA  Ap rp^P^P 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

▼“  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  :»«  a  QC 

1  Jun«  1980  SHEET  UL  OF  Iz  1.  fjLr? 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRia  FLUID 


BORING  NO.^ 


OUKINCi 


Location  N, 
Drilling  Agency. 
Driller 
Drill 


^f^^mmrnntMtion  Installed.. 
Surface  Bevadon.. 


•  C^0t 

l<?//-b<A/  _ _ _ 

SYMBOLS:  ^  WATER  LEVS.  AT  COMPLETION 

om.  Fom.  ‘«®— HOURS  AH®  co«p™ 

lJune  1988  SHEET  22Lof11 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»-  total  LOSS  OF  DRia  FLUID 


BORING  NO.^ 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

^  WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  A-98 

1  June  1988  SHEET  2£.  OF  22l 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
>>  -  TOTAL  LOSS  OF  DRILL  FLUID 


BORING  NO.  X: 


BORING  NO 


Inatnanentaaon  ins 


Datt:Start  /  / _ Comphtt . 

Location  n  £— 

DrBIbtg  Agency _ _ _ 

Driller _ Inepector  __ 

Drill  Type _ _ _ 

Drill  Melhcd. _ — 

Thldmeee  of  Overburden _ 

Depth  DtfBed  Into  Rock 

Total  Depth  of  nnrtng 

Dir.  of  BoriKL—VerL  inci 


Datum  for  Surface 


g  |S  ui  Q  ? 
i  9  >  "  ^1 

I 


LABORATORY  RESULTS 
AND 

REMARKS 


SOIL  CLASSIFICATION 


SURFACE  COVER 


ll!i 

ill 


11 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  2Z  A*99 

1  June  1988  SHEET  iL  OF  Ll 


f/}2. 

c(s;^  2,^rf 

//K' 


^fC  /M  ' 

Cfffi  i>,z ' 

7/‘M\ 

S' ^7  r  ^rrr 
fir ^ 
OrZiZft  Z’Z/zff/'  fiZ/'r  6/Z< 
^  r/ nr 4/  r4  fU'^f  4,.,/ .Tif  ff 

H^S 


dr 


Are  /0.& 

Laff  ff.O 

T/me  n.'Yfi  '/‘/n^ 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  •  TOTAL  LOSS  OF  DRIU  FLUID 

BORING  MO.  rr-c 


BORIN.G  NO.  _ 

i4/^,  T, 


Projtet 

nmfa-flhut  /  / - 

Location  A/_ _ 

DrOBng  Agency _ 

DrUter _ It 

Dftt  Typ» 

Dra  Method _ 

Thlekness  of  Omburdet 
Depth  Dttted  Into  Rock^ 
Total  Depth  of  Boring^^ 
Dtr.  of  Borittg  Veit. 


Complete, 


Inapeetor. 


sou.  CLASSmCATION 


SURFACE  CTiVER 


Lsm/tn  c 
■“  •ft 


‘  {ll  fflet^ 


/TterJf 

•‘'V 

./}/fi 


/fl€dA 


C^il/M/elr0n  f^e/t ) 

fHALf, 

Htr/. 

P0/0m/t/c 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEL _ HOURS  AFTER  COMPLETION  »  -  TOTAL  LOSS  OF  DRILL  aUID 


ORL  FORM  1202 
1  June  1968 


SHEET, 


.OF 


11. 


SH^IOO 


BORING  NO.  .rr-^ 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

^  WATER  LEVEL _ HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


ORL  FORM  1202 
1  June  19M 


SHEET  OF  i  01 


BORING  NO.  .-/-f 


A-102 


Photocf _ 

n,  T,P.  _ 

Location  AL 

/fif/rr: 

ncy ' 

MUar  JZ< 

f//  tnaoattor 

DrBI  Typa^ 

Dm  Matho 

KggB^Bggaaai 

instrvnmntation  Inst 
Surfscs 

Datum  (orSuf^tca  S, 


8  z 

i  !l§li 


LABORATORY  RESULTS 
ANO 


fneBnatt  Of 


SOIL  CLASSmCATION 


SURFACE  COVER 


3  t 

I  I 


BORING  NO.  _ 

Pmftet _ 

Datm^Start - /  /  Campiia 

Location  N _ F  _ 

DrOBng  vtfwney 

OnKtor _ inspector 

Drta  Type _ 

Dra  MelhotL _ ^ _ 

Thickness  of  Orertur6en _ 

Depth  DrOed  into  Rock _ 

Total  Depth  of  Borkip _ 

Dir.  of  Borinp _  Vert  IncA 


instrumentation  in 
Surface  BeveOpn^ 
Datum  for  Surface  > 


i  f  si 

S  s  §  §1 


2  3 
c  §  ^ 

fi  Ml  A  til 

iekI 
l^gi 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLEHON 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ,  a  .n. 

1.  Juna  1988  SHEET  OF  3^  SHI  A-1 04 


>  -  PARTIAL  LOSS  OF  DRia  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


sheet^ofJLsh!  a-104  BORING  NO._^2jiZ. 


BQRSNG 


NO.  __ 

_ Compt0t9, 


Project _ 

nmtmTStmrt  /  /  Complat 

Location  ^  P 

DrOOng  Apmnisv 

DrWer _ Inspector^ 

DrW  Type _ 

DrBI  Method _ •  - 

Thickness  of  Overburden 

Depth  DrOed  into  Rock _ 

Total  Depth  of  Borktg 

Dk.  of  Boring  Vert _ fn 


Instrumentation  Insu 
Surface  Bevatlqn_ 
Datum  for  Surface 


iiiiii 

nil 


LABORATORY  RESULTS 
AND 

REMARKS 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 

ORL  FORM  1202  A-lfW 

1  Jurw  1988  SHEET  ^  OF  BZ  e  ^ 


SHEET  ^  OF  BORING  NO. 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRILL  FLUID 


rr-  7 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL _ HOURS  AFTER  COMPLCTON 

ORL  FORM  1202  V  ^7  A.IOg 

1  Jun»  1988  SHEET  OF  SHI 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
»  -  TOTAL  LOSS  OF  DRIU  FLUID 

BORING  MO.  ^-r-7 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

API  Kftou  - HOURS  AFTER  COMPLETION 

URL  FORM  1202  ^  ^ ^ 

1  June  1988  SHEET  ^  OP  32  e  A-1 07 


-  -  •  w  I PW,  I.WOO 

SHEET  j:  OF  l.^107  boring  no. 


V  ?  ■  *-°®S  OF  DRia  FLUID 

»  -  TOTAL  LOSS  OF  ORIU  FLUID 


SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 


WATER  LEVEL. 


HOURS  AFTER  COMPLETION 


>  -  PARTIAL  LOSS  OF  DRILL  FLUID 
>>  -  TOTAL  LOSS  OF  DRILL  FLUID 


ORL  FORM  1202 
1  June  1988 


SHEET 


OF 


li.  SHL^r^ 


BORING  NO.  ^ 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEL _ HOURS  AFTER  COMPLERON  »  -  TOTAL  LOSS  OF  DRia  FLUID 


sHEEi^oFil siM®9  Bomwowo. 


ORL  FORM  1202 
1  June  1988 


SYMBOLS:  WATER  LEVEL  AT  COMPLETION  >  -  PARTIAL  LOSS  OF  DRILL  FLUID 

WATER  LEVEI - HOURS  AFTER  COMPLETION  >  >  -  TOTAL  LOSS  OF  DRILL  FLUID 


SHEET^OFi^  SF  A-110  BORING  NO.  ^ 


0UHJNU  NU. 

Protect _ TT/? _ 

DatetStait  /  /  Complete . 

Looetion  N _ g _ 

DrttUng  Aamnev 

Drill  Type. _ 

Dra  Method _ 

Thldatess  of  Overburden 

Depth  Dialed  Mo  Pock 

Total  Depth  of  Pedna 

Dir.  of  Borinp  Vert.  Inett 


htatrvmantBtfort  Inata 
Surtuee  Bevahen 
Datum  for  Surface  B.. 


LABORATORY  RESULTS 
ANO 

REMARKS 


son.  CLASSIFICATION 


SYMBOLS:  V  WATER  LEVEL  AT  COMPLETION 

WATER  LEVEL - HOURS  AFTER  COMPLETION 

ORL  FORM  1202  ^  a  --- 

1  Juiw  19S8  SHEET  _I_  OF  2L.  !  A-1 1 1 


>  -  PARTIAL  LOSS  OF  DRia  FLUID 
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SYMBOLS:  V  WATER  LEVEL  AT  COMPLEHON 

WATER  LEVEL _ HOURS  AFTER  COMPLETION 
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SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 
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SYMBOLS:  ^  WATER  LEVEL  AT  COMPLETION 

▼-  WATER  LEVEL _ HOURS  AFTER  COMPLETION 
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ORL  FORM  1202  5/  a,  A-133 

1  Jun«  1988  SHEET  JL  OF  2± 


/‘'I 

/^rr 

T/mr 


A  o/f 

7 

/ir£  /0,7 
OtO 


>  -  PARTIAL  LOSS  OF  DRIU  FLUID 
»  -  TOTAL  LOSS  OF  DRia  FLUID 

SIMIA  AIA  /r  -  > 


BORING  NO. 


BOnitiG  NO. 


Pteitct^ - a 

DatKStut _ LjL - 

Loeatlon  N 

Drilling  Aganojf - 

DrOar _ i — b 

Ota  ^yp« 

Dra  kMhod. _ 

Thicknesa  et  Ovatburdtt 
Dapth  DrOad  Into  AodL. 
Toti/  Daplh  of  Boring^^ 
Dt.  of  Bnring  Vatt 


Complata. 


Inapacter. 


Insavmantation  In 
Surfaea  Bavadon^ 
Datum  for  Surfaea , 


son.  CLASSIFICATION 


SURFACE  COVER 


^1A// 

-  T/'an 


^  /¥A'^£ ^  OarK 
Df/a/rt/^/c 

7lri4 


CPtx 


o  s  is 

§  S  S  8  2 

I 

§ii§i 


laboratory  results 
AND 

REMARKS 


I 


/fw/i 

Urt.  10.  ‘f 
0,U 
To'mt 

r;/f.7  7r,2.' 

f,  i2r,7  7JiZ  . 
^  7^oi 

/j  7^  * 
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Appendix  B 
Rock  Test  Results 
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ummary  of  Laboratory  Test  Results  for 
Borehole  PV  at  the  UTP  Portal  Area 
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Table  4.1b 

Summary  of  Laboratory  Test  Results  for 
Borehole  PH  at  the  UTP  Portal  Area 
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Figure  4.1 

Summary  of  Laboratory  Test  Results  for  Rock  Cores 
from  Boring  CB>L,  Ft.  Knox,  KY 


B-22 


Summary  of  Laboratory  Test  Results  for  Rock  Cores 
from  Boring  CB-3,  Ft.  Knox,  KY 
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Figure  4.5 

Summary  of  Laboratory  Test  Results  for  Rock  Cores 
from  Boring  CB-4,  Ft.  Knox,  KY 
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Figure  4.4 

Summary  of  Laboratory  Test  Results  for  Rock  Cores 
froa  Boring  CB-5,  Ft.  Knox,  KY 


Figure  4.6 

Suflunary  of  Laboratory  Test  Results  for  Rock  Cores 
from  Boring  FK-1,  Ft.  Knox,  KY 
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Table  4.3 


SUMMARY  OF  RESULTS  OF  TENSILE  TESTS  ON  SHALE  CORES 
FROM  OTP  BORINGS  CB-1,  CB-3,  AND  CB-4  (UPDATED  6/17/91) 
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Figure  4.7 

Tenisle  Strength  Tests,  Boring  CB-1 
BORING:  CB-1 
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Figure  4.8 

Tensile  Strength  Tests,  Boring  CB-3 
BORING:  CB-3 
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Tensile  Strength  Tests,  Boring  CB-4 
BORING:  CB-4 
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Figure  4.10 

Composite  Plot  of  Strength  Test  Data  for  CB-1,  CB-2,and  CB-4 
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TABLE  4.4 

QUANTITATIVE  X-RAY  DIFFRACTION  ANALYSIS 


Hole# 

Def^  (ft) 

Formation 

Clay-% 

Qrtz-% 

Fldspr-% 

Calc-% 

Dolo-% 

Other- 

CB-6 

429.9 

N.  Prov. 

5 

23 

3 

<1 

5 

68 

CB-6 

453.2 

N.  Albany 

12 

19 

7 

<1 

<1 

72 

C8-6 

536.0 

LoulsvOle 

1 

1 

• 

• 

98 

1 

CB-4 

426.0 

N.  Prov. 

12 

23 

7 

<1 

<1 

68 

CB-4 

460.2 

N.  Albany 

9 

28 

7 

<1 

1 

62 

CB-4 

521.8 

Jfsnvl 

1 

1 

- 

78 

20 

1 

CB-4 

555.5 

LoulsvOle 

1 

2 

- 

<1 

97 

1 

*  Other  represents  all  “other"  material  not  detected  by  X-ray  diffraction  analysis. 
6*9-  organics  and  amorphous  material  such  as  glass 
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Appendix  D 
Pho'tographs 


D-2 


Figure  D-1.  Sump  Bay. 


Figure  D-2.  Transformer  bay  Oooking  in). 


D-3 


Figure  D-3.  Transformer  Bay. 


UTPP004 


Figure  D-4.  Intersection  ( CaL  Adit  to  Left ). 


D-4 


Figure  D-5  Intersection  (  Cal.  Adit  to  Left ) 


Figure  D-6  Test  Adit  Looking  Towards  Plug 
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UTPP007 


Figure  D-7  Plug's  Upper  Face 


UTPP008 


Figure  D-8  Typical  Electric  Switch  for  Water 
Pump  at  Bulkhead 


D-6 


Figure  D-9  Test  Adit  at  Sta.  17+00 


Figure  D-10  Test  Adit  Intersection  with  Cal.  Adit 
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UTPP011 


Figure  D-11  Plug  ( Upper  Bulkhead  with  RlFBieed 
Lines  Shown ) 


UTPP012 


Figure  D-1 2  Gas  Monitor  at  Plug 


D-8 


Figure  D-13  Cal.  Adit  ( Looking  from  Intersection ) 


UTPP014 


Figure  D-14  Cal.  Adit 


D-9 


UTPP01S 


Figure  D-1 5  Cal.  Adit  (Looking  towards  its 
Terminal  Station) 


UTPP016 


Figure  D-1 6  Intersection  ( Looking  from  Cal.  Adit ) 


D-IO 


Figure  D-17  Gas  Waming/Monitor  Siren  and  Light 


RgureD-18  Transfer  Bay 


UTPP019 


Figure  D-19  Electric  Controls  and  Gas  Monitor  Box 


Figure  D-20  Sump  Tank  at  Sump  Bay 


Figure  D-21  Sump  Bay 


Figure  D-22  TestAdrt 


D-13 


UTPP023 


Rgure  D-23  Access  Road  to  Rodgets  Hollow 
( Portal  on  Left ) 


Figure  D-24  Plug  During  Construction.  Shown  are  Pressure 
Grout  Pipes  with  Gas  Checks  ( Plates )  and 
4”  Dia.  Bleed  Lines 
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Figure  025  Front  ( Upper )  Bulkhead  wiUi  Rll 
and  Bleed  Line  Penetrations 


Figure  026  Finished  Rear  ( Lower)  Bulkhead  from 
Inside  Plug 
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UTPP027 

Figure  D-27  Back  of  Lower  Bulkhead  Prior  to  completion. 

Shown  are  Supports  and  Access  Opening 
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Figure  0-28  Gas  (  Methane )  Seepage  at  Sta.  18+50 
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Figure  D-29  Interface  Bewteen  New  Providence  Shale 
( Top )  and  New  Albany  Shale  ( Bottom ) 
atSta.  18+54 


Figure  [5-30  Yard  ( Storage )  Area  on  Site 
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Figure  D-31  Rock  Bolt  Installation 
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Figure  D-32  Access  Road  to  Site  { Portal  on  RigW ) 
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Figure  D-33  Gas  Bleed  Line  with  Valve  Penetrating 
Upper  ( Front )  Bulkhead 
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Figure  D-34  Gas  Seepage  at  Sta.  18+50 
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Figure  D-35  Piezometer  Monitoring  Assembly  P-1 


UTPP036 

Rgure  D-36  Portal  Showing  Final  Vent  Exhaust  and  Electrical  Substation  on 
Top  ( Stack  Removed  Recently  for  Safety  Reasons ) 
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Figure  D-37  Sump  Tanks  Outside  Tunnel  Delivering  Water  Pumped  Out 
of  Tunnel  to  Dewatering  Line  Going  to  Salt  River 


Jobsite  Entrance  Signs 
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